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of 10 


transformers forming 
three 310 MVA three-phase 
banks for the U.S.A. 


ENGLISH ELECTRIC’ 


- transformers 


THe ENGLISH ELECTRIC Company LIMITED, QUEENS HOUSE, KINGSWAY, LONDON, W.C.2 


Zransformer Department, Stafford 


WORKS: STAFFORD , PRESTON . RUGBY * BRADF ORD . 
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Calder Hall 
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The generators at the 
Calder Hall Power - station 
of the Atomic Energy Authority 
will be controlled by Reyrolle 
1l-kV 500-MVA and 
750-MVA switchboards 
and their associated 


control - boards 


Reyrolile 





A. REYROLLE & COMPANY LIMITED HEBBURN, COUNTY DURHAM, ENGLAND 
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BORE: 
STROKE: 
WEIGHT DRY: 





WEIGHT WET: | 
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It 
will out-drill and out-last any other 


You can’t beat the Silver Three. 


machine of its weight and most heavier 
ones. And there are figures to prove it. 
It’s designed specifically for use with the 
work-saving Airleg—and you won’t 
find a better combination anywhere. 


3” (76 mm.) 
| 15/16” (49 mm. im.) 
47 Ib. “(Qi kg.) 





~ 49 Ib. (22 kg.) 4 b; 


Silver Three 





DRILLS 


HOLMAN BROS. LTD., CAMBORNE, ENGLAND 


Telephone: Camborne 2275 (10 lines) 
Telegrams: Airdrill, Camborne 


London Office: 44 Brook St., W.!. 


TOOLS 
Hyde Park 9444 


HHS 


1956 3 
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ERCOLE MARELLI &C.S.p.A. 


MILAN (Italy) 


Ml, HYDRO-ELECTRIC 


_ EQUIPMENT 


cc 











Rotor, shaft and stator 
for one of the two Water 
Wheel Alternators (110,000 
kVA—13,800 Volts—300 r.p.m. 
weight 650 tons) installed by 
Marelli in the Cimego Hydro-Electric 
Power Station of the Societa 
Elettrica Bresciana (italy). These 
alternators are believed to 
be the largest horizontal 
units yet built. 
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TRANSFORMERS 
THIS TIME 
FOR THE DALLES DAM U.S.A. 


Ferranti Ltd. have received the largest 
overseas transformer contract ever to be 
placed in the United Kingdom. 

; The contract covers eighteen 63,000 kVA, 

6 230 kV, single phase and three 63,000 kVA, 
115 kV, single phase transformers for the 
U.S. Army Corps of Engineers Dalles Dam 
Project, Columbia River, on the borders of 
Washington and Oregon and is valued at 
2,080,940 (£746,000). 
It is the fifth contract awarded to Ferranti 
Ltd. by the U.S.A. in recent years and brings 
the total number of transformers supplied 
or under construction to 38 units of a total 
capacity of 1,972,000 kVA, and a value of 
$3,827,000 (£1,366,785). 
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FERRANT! 


FERRANTI LTD - HOLLINWOOD - LANCASHIRE 
London Office: KERN HOUSE: 36 KINGSWAY: W. €.2 


FT 1832/2 
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Power House 





Glenfield Sluice Gates and Valves—butterfly, rotary 
and sluice—for turbine inlet control or isolating 
purposes; and Sluice Gates for sectioning-off turbine 
draft tubes, have been supplied for many important 
Hydro-electric schemes in Britain and Overseas. 

They are performing their duties with the com- 
plete reliability and efficiency that stems 
from long experience in the design and 


manufacture of such equipment. 


at \uaZ 62° =ERS VR 





—_— 


= 





Orlenrmier 


GLENFIELD & KENNEDY. LIMITED KILMARNOCK } 
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Kuljian has designed, engineered, and supervised 
construction of power plants the world over... with total electric 
generating capacity exceeding 


2,000,000 KILOWATTS! 


JT AST power projects throughout the world—more than seventy in all 
! attest to The Kuljian Corporation's reputation as specialists in hydro- 















electric, steam, and diesel power plant design and construction. These plants 
represent a total generating capacity of over 2,000,000 kilowatts... a total 


investment of over half a billion dollars. 


Behind every Kuljian project lie the combined skills and experience of a 
complete staff of internationally recognized experts in every phase of water 


resource development. No matter where your next project might be. ‘The 





fk Kuljian Corporation is fully prepared to undertake efficiently all phases of 
design, engineering, and construction supervision to help bring about the 
quick, economical solution to your specific problem. 
We invite your inquiry for detailed information. 
; 


SCOPE OF KULJIAN SERVICES 
SURVEYS © INVESTIGATIONS © REPORTS © WATER RESOURCE DEVELOPMENT © RESERVOIRS & DAMS «© POWER 
GENERATION & UTILIZATION + TRANSMISSION & DISTRIBUTION SYSTEMS © PUMPING PLANTS & PILTRATION PLANTS ¢ 
TUNNELS & AQUEDUCTS « HYDROLOGY & GEOLOGY 


s a ee 
BP Fc hu ljian Coporadion 


1200 No Broad St Philadeiphia 21, Pa., U.SA 








BRANCH OFFICES THROUGHOUT THE WOR O 
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ESCHER WYSS 


are supplying the two Storage Pumps for the 
Tauernkraftwerke of Zell-am-See (Austria) 
Upper Stage, Limberg Power Station 


‘ 


Delivery head 320-420 metres 


Discharge quantity of each unit 16.6-10.8 cub. m./sec- 
Speed 500 r.p.m. 
Maximum input of each unit 83,800 H.P. 


The Model Pump t 


Escher Wyss are further participating to an important extent in the delivery of the hydrauli 
equipment for the Ybbs-Persenbeug Power Station/Austria. 


ESCHER WYSS LTD., ZURICH/SWITZERLAND 











@ VOITH-HEIDENHEIM (GERMANY) 


20 million H.P. delivered by some 16,000 Voith Turbines 
An example of a VOITH delivery: 
Reisach Pumped Storage Plant equipped with two machine sets 
Each turbine rated at 47,CCC H.P., net heads 544-610 ft 
Capacity of pumps 37,500 H.P. each 
Discharge heads 557-622 ft 
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From Ataske To New Leatand 


All Over 
the World 


From Petersburg, Alaska to Maraetai, 
New Zealand, Over 15 Million Hp is 
Harnessed by Allis-Chalmers Turbines 





Allis-Chalmers builds all three principal types of hydraulic turbines 
— Francis, propeller and impulse. Allis-Chalmers can also supply 
nearly all the necessary electrical equipment and auxiliaries, in- 
cluding transformers, generators, switchgear, regulators, valves and 
governors for large units. 

You can often make substantial savings by calling in Allis- 
Chalmers qualified engineers to help you and your consultants 
select equipment most suitable for your specific needs. Early con- 
sultation gives you the advantages of Allis-Chalmers half-century. 
of experience in designing and building hydraulic equipment. 

For all or any part of your needs, call the Allis-Chalmers repre- 
sentative near you or write Allis-Chalmers, Power Equipment Divi- 
sion, Milwaukee 1, Wisconsin, U. S. A. Manufacturing plants in 
United States and Canada. 


4 Francis Type 
Used for high heads, up 
to 1000 feet and some- 
times even higher, de- 
pending on capacity of 
the unit, quality of the 
water and characteristics 
of the load to be carried. 


Propeller Type 
Normally used for low heads — \\ 
up to 100 feet — but in excep- oat Impulse Type : 
tional cases higher. High speed For heads as high as 
unit offers substantial savings pressure pipe lines can 
be built. Used for heads 


as low as 200 feet if 
water conditions make 
use of Francis type unde- 
sirable because excessive 
wear would result. 


A-50 
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in generator costs. 


40 








AND TRANSFORMERS 
PLANTS 


Views of the Cedegolo 
Underground Power 
Station and of the con- 
tiguous outdoor Substa- 
tion of the Edison Co.- 
Milan, with: 





Three 29,000 KVA, 500 
r.p.m., 11 KV main gene- 
rators 





Two 600 KVA auxiliary 
generators 


Two 70/70/70 MVA, 
240/150/11 KV, three- 
phase, three-winding, 
forced-oil- water cooled 
transformers. 











COMPAGNIA GENERALE Di ELETTRICITA 





34, Via Bergognone - MILAN - (Italy) 
GENERATORS, MOTORS, TRANSFORMERS, RECTIFIERS, TRACTION 
EQUIPMENT, SWITCHGEAR, RADIO, DOMESTIC APPLIANCES. 
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OUTDOOR OIL 
CIRCUIT BREAKERS | 


I32 kV, 2,500 MVA 
and 3,500 MVA 


THE GENERAL ELECTRIC CO. LTD., MAGNET HOUSE, KINGSWAY, LONDON, W.C.2 


— 
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These Rail Tank Cars, the largest 
A TE My of their type ever to run over British 


Railways, are used for transporting 


(DINE ECr 


Latex and are coated internally with 
**Bituros”’ Enamel. This is a non- 
contaminating preparation designed 
for protecting the interiors of 

tanks, pipelines and other 

surfaces where taint is 

to he avoided. 


** Bitumastic”’ and * Bituros”’ 





coatings are solving many 
such corrosion problems in 


industry today. 


Have YOU got 


such a problem ? 


Anti-Corrosive SOLUTIONS & ENAMELS 


HI31 WAILES DOVE BITUMASTIC LTD HEBBURN . . OURHAM 


2132 


WATER POWER June 1956 15 














MAY WE OFFER OUR 
VALUABLE EXPERIENCE 
IN THE QUESTION OF 





The Annular Cor e Drill 


ROCK DRILLING 


AND 


LOADING EQUIPMENT 


Tunnelling 


and 


Headway Driving 








SALZGITTER-BAD (W.-German y) 








Represented in England = 
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DORTMUNODER 


BRUCKENBAU-AG. 


WEIR PLANTS of all Types 
DEEP SLUICE GATES 


SHIP LIFTS 


en 


LOCK GATES 
DOCK GATES 


MECHANICAL EQUIPMENT 


PENSTOCKS 


PIPE FITTINGS 


DORTMUNDER UNION BRUCKENBAU-AG - PLANT AT DORTMUND AND GELSENKIRCHEN 
WEST-GERMANY 
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Electrical Data 
for High Tension 
Power Lines 


Leading Swedish power engineers— men 
who have helped design and build Swe- 
den’s record-breaking power network 
— share their know-how with you in this 








Design details and electrical data 
for over 30 different types of power 
line, now in use in Sweden and pro- 
jected. Formulas and nomograms for 
determining radio interference, co- 
rona losses, impedance, and trans- 


mission Capacity. 


new booklet published by Svenska Me- 
tallverken. It is available free of charge 
on request to AB Svenska Metallverken, 
Feral Cable Division, Vasteras, Sweden. 


AB SVENSHA METALLVERREN 


Manufacturers of FERAL CABLE Today’s Highway for Power 
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designed and built by 


CANADIAN VICKERS LIMITED 


in Association with: 


MACHINENFABRIK AUGSBURG-NURNBERG A.G. 

for the 

HYDRO-ELECTRIC POWER COMMISSION 
OF ONTARIO 


to be installed in the new 


NIAGARA POWER DEVELOPMENT 








or 
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For better Hydro-Electric Equip- 
ment... for jobs large or small... 
for use any place in the world, 


always consult— 







CANAD/AWN 





MONTREAL 
TORONTO MONTREAL VANCOUVER 





















































































































































ANSALDO-SAN GIORGIO ) 


CENOVA 


GENOVA (ITALIA) - MURA DI SANTA CHIARA, 1 - TELEFONO: 586.741. TELEGRAMMI: SERAS. GENOVA 
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GILKES turbines have many applications in modern 
waterworks practice, operating on raw, filtered or 
compensation water and driving pumps or electric 


generators 
Two GILKES Francis Turbine-Pump Units raise 


filtered water to high level reservoirs and three 


GILKES Turgo Impulse Wheels generate all the ” ~, 
power that is required in the Hoy Filtration GILKES 


Station of the Caithness County Council's Loch 





Calder Water Supply Scheme. 


Turbines & Pumps 
for Water Supply Schemes = 





| GILBERT GILKES & GORDON LTD 


KENDAL Telephone: Kendal 28 ENGLAND 
London Office) CRAVEN HOUSE, KINGSWAY, LONDON W.C.2. Telephone: HOLBORN 3231/2 


Gs 
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In countries all over the world.. 


and in some cases under extremely arduous working conditions Brown Boveri 
machines and apparatus are operating to the entire and long-standing satisfaction 
of their owners. 


The charcoal drawing reproduced above is an artist's impression of one of the 
three 49,500-kVA generators for the Aswan power station on the Nile in Egypt, 
during assembly in one of the large workshops at Baden. Numerous problems had 
to be solved in the manufacture of these machines which, with their weight of 
725 tons, are some of the largest to be built by us to date. The fact that we are 
able to supply such mammoth equipment proves that we have the facilities to 
build the very largest machines. 


The same care and accuracy with which these machines were built also go into our other products, 
such as complete steam, gas and hydro-electric power stations; protecting and regulating 
equipment for power stations and systems; equipment for industrial applications of all 
kinds; electric traction equipment; broadcasting and radio-telegraphy transmitters; trans- 
mitting and rectifier tubes. 


BROWN, BOVERI & CO., LTD., BADEN (SWITZERLAND) 





Representatives in most countries 
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HYDRAULIC STEEL CONSTRUCTION 













WAAGNER-: BIRO A.G. For the construction of the Danube 
ent ye Power Station Ybbs — Persenbeug 

(Oesterreichische Donaukraftwerke 

A.G. Ybbs—Persenbeug) the following 

construction parts are supplied by us: 

5 Sluice Gates (Double Hook Gates) 
with 30 m. clear width and !3.5 m. 
height 

Emergency Gates 

Turbine emergency Gates 

Crane Bridges 

2 Portal Cranes with 130 ton capacity 
each. 





WEIRS, SLUICE GATES AND REGULATION GATES 
MOVABLE AND STATIONARY SCREEN CLEANING MACHINES 
SURGE TANK EQUIPMENT 

UPSTREAM AND DOWNSTREAM STOP LOGS 

BOTTOM OUTLETS AND INTAKE GATES 

ELECTRICALLY WELDED PRESSURE PIPELINES 

FOR WATER POWER STATIONS 


WAAGNER- BIRO 


AKT ENGESELLSCHAFT 
wien GRATZ 


: 





Head Office...WIEN V., MARGARETHENSTRASSE 70 
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ACKBRIDGE 


TRANSFORMERS 










ity 
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Typical 45 MVA Hackbridge trans- 
former 66/33 kV. type ON/OFB, 
eee for British Railways. 





There are 21 million kVA of Hackbridge 
Transformers in World-wide service 


T HACKBRIDGE AND HEWITTIC ELECTRIC CO., LIMITED | 
WALTON-ON-THAMES - ‘SURREY -. ENGLAND 
2 Telephone : Walton-on-Thames 760 (8 lines) Telegrams: ‘* Electric, Walton-on-Thames ”’ 





TS 
7 0 OVERSEAS REPRESENTAT!VES.—ARGENTINA: H. A. Roberts & Cia., S.R.L., Buenos Aires. AUSTRALIA: Hackbridge and Hewittic Electric Co. Ltd., Sydney. 
SOUTH AUSTRALIA: Parsons and Robertson Ltd., Adelaide. BELGIUM & LUXEMBOURG I. Dorfman, 5 Avenue des Phalenes, Brussels. BKAZIL: Oscar G. Mors, 


Caixa Postal 1280, Sao Paulo. CANADA :: Hackbridge and Hewittic Electric Co. of Carada, Ltd., Montreal; The Northern Electric Co. Ltd. Montreal, etc | 
CEYLON : Envee Ess Ltd. Colombo. CHILE : Ingenieria Electrica S$ A.C., Santiago. EAST AFRICA : Gerald Hoe (Lighting) Ltd., Private Bag, Nairobi. EGYPT: Giacomo 
Cohenca Fils, $.A.E. Cairo FINLAND : Sahké-ja Koneliike O.Y. Hermes, P. Esplanaadikatu 37, Helsinki. HCLLAND: J. Kater E.!., Ouderkerk ad Amstel, Amsteldijk 
Noord 103c. INDIA: Steam & Mining Equipment (India) Led., Calcutta; Easun Engineering Co. Ltd Madras, |. IRAQ: J. P. Bahoshy Bros. Baghdad MALAYA, 
SINGAPORE & BORNEO : Harper, Gilfillan & Co. Ltd., Kuala Lumpur. NEW ZEALAND: Richardson, McCabe & Co. Ltd., Wellington, etc. PAKISTAN : James Finlay & 
Co. Ltd. Karachi. SOUTH AFRICA : Fraser & Chalmers (S.A.) (Pty.) Ltd.. Johannesburg. RHODESIA: Fraser & Chalmers (‘.A.) (Pty.) Ltd., Salisbury, etc. THAILAND: ' 
Vichien Phanich Co. Ltd., Bangkok. TRINIDAD & TOBAGO : Thomas Peake & Co., Port of Spain. TURKEY : Dr. H. Salim Oker, 43, Posta Caddesi, Ankara) URUGUAY: 
H. A. Roberts & Cia., $.A.U., Montevideo. U.S.A.: Hackbridge & Hewittic Electric Co. Led., P.O. Box 234, Pittsburgh 30, Pennsylvania; Electro Machinery Corporation, 
50 Broad Street, New York, 4, 


WATER POWER June 1956 2s 
















‘a 
26 


ATLAS COPCO EQUIPMENT 
IN ACTION ON INDIA’S MIGHTY 
BHAKRA-NANGAL PROJECT 
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A power house under construction on the Bhakra-Nangal project. A wide range of Atlas Copco equipment and Sandvik Coromant steels have 
been used on many excavating and tunnelling operations on the project. 
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The turbulent River Sutlej is being harnessed under 
India’s £113,000,000 Bhakra-Nangal project. 


three major aims. To prevent flood disasters, to irrigate 


It has 


six million acres‘of land, and to provide enough elec- 
tricity for over 100 towns. 

The Bhakra-Nangal project naturally means an im- 
mense construction programme. It includes the huge, 
680-foot-high Bhakra Dam on the Sutlej. This is one of 
the highest ever planned in the world and the most im- 
portant feature of the project. The dam will form a res- 
ervoir behind it with a capacity of 7.4 million acre feet 
of water, and the power houses at Bhakra will have an 


installed generating capacity of | million kilowatts. 


57 MILLION CU. YARDS OF ROCK 


Atlas Copco rock drills, Sandvik Coromant steels anda 
wide range of other Atlas Copco compressed air equip 
ment have been extensively used in excavation opefe 
tions to construct the Bhakra Dam. These include exea- 
vations for the site of the dam, 575 feet wide at the base, 
for two cavernous diversion tunnels, each about 2,500 
feet long, with the impressive diameter of 50 feet, andfor 
four penstock tunnels. All told, this entailed the excave 
ion of 57 million cubic yards of rock. 

On other excavating operations for the Bhakra-Nang#l 
project, Atlas Copco drills and Sandvik Co omant drill 
steels have again been chosen, along with Atlas Cope? 
compressors, sump pumps, rock breakers, drill steel 
grinders and riveting tools. 
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Among equipment excavating for the foundations of the 680-foot-high 


Bhakra Dam are Atlas Copco rock drills fitted with Sandvik Coromant tung- 
sten-carbide-tipped steels. 








ATLAS COPCO DRILLS AND SANDVIK COROMANT 
STEELS ARE IN ACTION ALL OVER THE WORLD 


Atlas Copco compressed air equipment is being used again and 
again ON many more important projects throughout India. 
Since Atlas Copco light rock drills and Sandvik Coromant 
steels were introduced there five years ago, this equipment has 
been chosen for practically all Indian tunnelling projects of 
any size. 

Here is an unbeatable /ightweight drilling unit that has exten- 
sively replaced the heavy bar-rigged drifter. Atlas Copco rock 
drills and Sandvik Coromant tungsten-carbide-tipped steels 
have brought faster drilling times, smoother progress at lower 
cost on projects from Australia to Canada, Norway to Brazil 
This drilling equipment was the obvious choice for India’s 
mighty Bhakra-Nangal project. 
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Entrance to one of the two 2,500-foot-long diversion tunnels, each with a 
diameter of 50 feet, started with other equipment and finished with Atlas | 
Copco drills and Sandvik Coromant steels. 


SitlasCopco GRO U P 
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The Prime Minister of India visits the Bhakra-Nangal pro- 
ject. Costing £113,000,000, it is one of the biggest power 
and irrigation schemes ever planned. 





The services of the Project Department of Atlas 
Copco, whose job is to draw up drilling patterns 
and to advise on tunnelling and mining tech- 
niques, is at the disposal of mining engineers and 
contractors everywhere without obligation. 


The Atlas Copco Group puts compressed air to work for the 
world. It embraces thirty-one Atlas Copco companies and 
twenty-four agents manufacturing or selling and servicing 
Atlas Copco equipment in more than 50 countries throughout 
the world. 


For further technical information about Atlas Copco Rock 
Drills and Sandvik Coromant Steels write to the most conven- 
ient of the addresses given here: 


UNITED KINGDOM, Atlas Copco (Great Britain) Ltd., Wembley, 
Middx. ; FRANCE, Atlas Copco France S.A., 29, Rue Marbeuf, 
Paris 8e; HOLLAND, Atlas Copco Holland N.V., P.O. Box 
6056, Rotterdam: iTALy, Atlas Copco Italia S.p.A., Viale 
Marche 15, Milan. 

CANADA, Atlas Copco Canada Ltd., Montreal, A.M.F., P.Q.; 
AUSTRALIA, Atlas Copco Australia Pty. Ltd., P.O. Box 54, 
Auburn, N.S.W.; SOUTH AFRICA, Delfos & Atlas Copco (Pty.) 
Ltd., P.O. Box 504, Benoni, Transvaal; u.s.a., Atlas Copco 
Pacific, Inc., 930 Brittan Avenue, San Carlos, California; 
Atlas Copco Eastern, Inc., P.O. Box 2568, Paterson 25, N.J. 


Readers in countries outside those listed above and who do not 
know the name of their local Atlas Copco company or agent. 
please write to Atlas Copco AB, Stockholm 1, Sweden. 


 ¢ COMPANIES 


Manufacturers of Stationary and Portable C. ompressors, Rock- Drilling Equipment, Loaders, Pneumatic Tools and Paint-Spraying Equipment 


- 






































































































































































































































































































































































































































































































































































































































_VEREINIGTE OSTERR. EISEN- UND STAHLWERKE, LINZ-DONAU 
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Hydroelectric Plant 





in Premadio. 


\ Penstock branch-o 
‘tito SAVIGLIANO B OFFICNE SO” in welded sheets. 
Diameters: 2.30 1.60 mt.; 
weight: 30.000 Kg. ; 
test pressure: 162 Kg 


per square cm. 
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Interruttori.. Circuit Breakers 7 


.- small oil volume type 
voltages up to 35 kV 
currents up to 800 A 


eo ... ad olio ridotto we 


tensioni fino a 35 kV 









corrent fino a 





800.A” 












cassa d'olio ; 
tensioni fino a~35 kV 
correnti fino a 12000 A 
.+- Oil tank type 
voltages up to 35 kV 
currents up to 12000 A 





POP PICS IB 
\ 
\ 


«are 








in aria 
» 
tension: fino a 600 V 
correnti fino a 4000 A 
.. air type 





voltages up to 600 V 
currents up to 4000 A 


SACE 52 4 COSTRUZIONI 


BERGAMO ELETTROMECCANICHE 


ADRESS :  SACE,, - VIA BAIONI, 359- BERGAMO (ITALY) 























TELEGRAMS : “SACE,, - BERGAMO (ITALY) MILANO - OFFICE: PIAZZA E DUSE, 
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THIS MAN'S FUTURE STARTS WITH EWG/MEEAING.... 




















He is a pioneer, modern style. Together with thousands of his fellow Ceylonese, he will one day be irrigating his 


own land with water from the Walawe Ganga Dam in Southeastern Ceylon. 


Designed by International Engineering for the Irrigation Department | 
of the Government of Ceylon, this multi-purpose water and power project will impound 250,000 acre-feet of water 
to irrigate 40,000 acres of arable land... develop sufficient power to meet the needs of half a million people 


in both urban and rural areas. 


The design of projects like Walawe Ganga is a specialty of International Engineering, a company whose | 
experience record since the end of World War II includes the engineering of more than 20 large-scale water 
and power projects in countries throughout the world. Their services — from preliminary survey to engineering | 


supervision of construction — are available to governments and private industry worldwide. 





INTERNATIONAL ENGINEERING COMPANY, INC. 


COMPLETE INFORMATION about the | 
International Engineering Company is contained 

in an illustrated 16-page brochure . 

write to Dept. F-2 for your copy today | 


74 New Montgomery Street * San Francisco, California, U.S. A. 
A subsidiary of Morrison-Knudsen Company, Inc 








Representatives: ENGLAND: 47 Victoria Street, London W. 1. * CANADA: i111 W. Georgia Street, Vancouver, B.C 
TURKEY: Morrison-Garanti, Box 281, Adana * PAKISTAN: P.O. Box 4851, Karachi 
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Harnessing 
Water 


For Hydro-Electric installations 
South Durham Service is complete 
It embraces the design, manufacture, installation and final test of all Piping 
supplied. The advice and experience of our technical staff and drawing office 
are readily available for the assistance of engineers engaged in the planning of 
Hydro-Electric projects 

Illustration shows Hydro-Electric pipeline—erected, welded and tested by 
South Durham for the Hydro-Electric Project at Vila Nova, Portugal 


SOUTH DURHAM [Pte 


Us MMW MUM), 


SOUTH DURHAM STEEL & IRON CO. LTD., (incorporating Cargo Fleet Iron Co. Ltd.) 
Malleable Works, Stockton-on-Tees, Co. Durham. Telephone: Stockton 66117. 
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MADE IN AUSTRIA 


— 





this is... 


the Porcia Palace at Spittal on the 
Drau, one of the most beautiful 





16th century Italian Renaissance 





courtyards, a typical example of 
cultural interchange between Italy 
and Austria. 





Photo: 
Osterr. Nationalbibliothek 











...and that is 


a 50-MVA power transformer at 

Lienz, interconnecting the Italian and 
Austrian Grids, a typical example of 
2zoth century power interchange between 
Italy and Austria. 


Photo: Mariner 


"ELINe AKTIENGESELLSCHAFT FUR 
ELEKTRISCHE INDUSTR 


1 E 
VIENNA AUSTRIA 
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PENSTOCKS 
WATER GATES 
HYDROELECTRIC 
EQUIPMENT 
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CAP DE LONG: Self-hooped penstock for the 
Pragneres Power Station, in the Pyrénées. 


Head 1,252 metres, Flow 14,6 cu.m./sec. 
Diameter 2.25 to 1.60 metres, Power 200,000 H.P. 


PASSY: Penstock bridge over the River Arve, 
in the French Alps. 


Span 72 metres, Diameter 3 metres. 


| 

| ETABTS: BOUCHAYER & VIALLET 
1 SOCIETE DAUPHINOISE d’ETUDES & 
| 
| 


de MONTAGES 
GRENOBLE - FRANCE 
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Postal Ad 


COMPLETE 


FOR WATER 
POWER PLANT 


View in erection shop, 
showing assembly of 
large Francis turbines. 
In the background, the 


giant turning mill. 


J.M.VOITH-AUSTRIA 


Postal Address: J. M. VOITH, ST. POELTEN, AUSTRIA, POSTFACH 168. Cables: VOITHWERK ST. POELTEN. Teletype: O 





STORAGE PUMPS 
Some recent RIVA achievements : 


One multi-stage centrifugal pump absorbing 40,000 H.P. — head 600 m; discharge 
4300 It/sec.; speed 500 r.p.m.; for the Ponale Power Station, Italy 


Two single-stage centrifugal pumps, each absorbing 27,000 H.P.—head 205 m; dis- 
charge 8600 It/sec.; speed 500 r.p.m.; for Letten Power Station, Sweden 


Two double-stage centrifugal pumps, each absorbing 16,000 H.P.—head 310 m; dis- 
charge 3400 It/sec.; speed 750 r.p.m.; for Hospitalet Power Station, France 


One single-stage centrifugal pump absorbing 4,200 H.P.—head 40 m; discharge 7000 
It/sec.; speed 300 r.p.m.; for Isola Santa Storage Pumping Station, Italy 


One multi-stage centrifugal pump absorbing 3,000 H.P.—head 340 m; discharge 560 
It/sec.- speed 1000 r.p.m.; for Foce Ponale Power Station, Italy 


DoS’ COSTRUZIONI MECCANICHE RIVA 


MILANO .« ITALY 


HYDRAULIC TURBINES - CENTRIFUGAL AND PROPELLER PUMPS 
VIA STENDHAL 34 CABLE ADDRESS: RIVATURBIN 
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MACHINE 
POWER TESTS 


SYSTEM 
POWER TESTS 





POWER TESTS 


DIELECTRIC TESTS, 


TEMPERATURE TESTS, 
WET TESTS, MECHANICAL 
OPERATION TESTS 

AND GENERALLY AL 


ROUTINE TESTS 





OFFICINE 
ELETTRO 


MECCANICHE 
GALILEO 


Of BATTACLIA TERME SpA 





OFFERS AND DETAILS PLEASE ENQUIRE TO 
UFFICIO COMMERCIALE DELLE 


OFFICINE ELETTROMECCANICHE GALILEO 


MILANO VIA P. CASTALDI, 24 (ITALY 
PHONE 265370 


TELEGRAMS. ELETTROGA 
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MACHINE AND SYSTEM 


MILANO ITALY) 
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(FONTENAY) 








GALILEO-SADE 


14°) - 743) 





PADOVA 


UNIVERSITY 


GALILEO 






(TESTS LABORATORY) 






CONTROL SLABS PANELS 


- BUSHING INSULATORS - 


CIRCUIT BREAKERS - INSTRUMENT AND PROTECTIVE TRANSFORMERS 


ISOLATING SWITCHES 
ANO SWITCHBOARDS FOR MEDIUM, HIGH AND ULTRA-HIGH VOLTAGES 


One French station of the 
Electricite de France equipped 
with Galileo Circuit Breakers 
for 150 kV, 






POHLIG 


CABLEWAYS 


13 POHLIG ~ Cableways 

with spans up to 2 800 ft 

and lifting heights up to 900 ft., 

travelling speeds up to | 200 ft. per minute 
and a carrying capacity 

of up to 20 tons per each cableway 

have been erected and commissioned 
during the last 5 years 

by our company 

in Switzerland 


i | 


<4 


J. POHLIG AKTIENGESELLSCHAFT - COLOGNE 
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A height of retention of 5 metres and 40 metres clear 
width are the characteristic dimensions of the largest 
fishbelly flap hitherto built. This type of gate is the 
result of elaborate tests in MAN’s own laboratory, 
where actual site conditions can be reproduced to scale. 


M-A>RN 
HYDRAULIC STRUCTURES 


MASCHINENFABRIK AUGSBURG-NUERNBERG AG.- GUSTAVSBURG WORKS - GERMANY 





SOLE REPRESENTATIVES FOR GREAT BRITAIN, BRITISH COLONIES, AUSTRALIA AND NEW ZEALAND 


W. WYKEHAM & COMPANY LIMITED, 


17.19 Cockspur St., Trafalgar Sq., London, S.W.1 * Cables: ‘Wycotraf” - Telephone: Whitehall 5307 - Telex: London 2448 
AUSTRALIAN BRANCH: 34 Queen's Road, Melbourne, S.C.2 
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Power for Pakistan by 


West Punjab, with five rivers and fertile plains, produces 
much of Pakistan’s cotton, sugar, and cereals. Until 
recently it depended on India for electric power, but 
now the Rasul Hydro-electric Station, in the Gujrat 
District, generates power from the drop between the 
Upper and Lower Jhelum Canals. This undertaking 
will help to electrify twenty-eight towns, and power the 
tube-wells in the Chaj and Rachna Doabs, where 
thousands of acres have been rendered unfit each year 
by rising water-tables and sub-soil salinity. BTH 
equipment plays a major part in this scheme, helping 
again to harness natural resources to the betterment 
of the community. 





A view of the Rasul Power Station 


For the Rasul Power Station, BTH supplied the 
two 12,500 kVA alternators, driven by Boving 
Kaplan turbines. BTH also supplied the 132 kV 
switchgear and the 132/66kV transformers, together 
with the 5,000 kVA synchronous condensers at 
Lyallpur Sub-station. 


& ey 


~The two BTH 12,500 kVA alternators 


BRITISH THOMSON-HOUSTON 














THE BRITISH THOMSON-HOUSTON COMPANY LIMITED, RUGBY, ENGLAND 
Member of the AE! group of companies A 499% 
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round-the-clock reliability 


Under the toughest conditions in all parts of the world EIMCO Rocker- 
shovels are working continuously on three shifts throughout the 24 hours 


EIMCO 62! Crawler type Rockershovels will load a 45 yd. dumper in two 
minutes. 2 
Powered by electricity or compressed air they are one of a wide range of 
machines maintaining phenomenal outputs of every type of mining and tun- 
nelling project. 


The robust construction which ensures 
such reliability and extended life has 
enabled EIMCO to maintain its lead in 


EIMCO 621€E 


£IMCO [GREAT BRITAIN] LIMITED 


Head Office and Works: TEAM VALLEY, GATESHEAD; 11, CO. DURHAM. LOW FELL 7-724t 
GROsvenor i a oe | 


London Office PRINCES HOUS-E PIC CAD #ia 7 We 
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View downstream from the dam toward the powerhouse shows the irrigation 


HYDRODYNAMICS 


bypass (left), penstock (center) and tail-race canal (right). (U.S.B.R. photo) 


Mile-High SMS-Francis Turbines 
soon to deliver power at Palisades 


High on the south fork of Idaho’s Snake River, the 
first of four SMS-Francis turbines at Palisades Dam 
is scheduled to go on the line in 1956. The Palisades 
Dam, which is the Bureau of Reclamation’s largest 
earth-filled dam, is primarily an irrigation project. 
The dam will have a crest length of 2,100 feet, rise 
270 feet above the streambed, and provide a stor- 
age reservoir some 20 miles long and 3 miles wide. 


Four vertical SMS-Francis turbines will be installed 
to produce a total capacity of 114,000 kw. De- 
signed to operate at a site more than a mile above 
sea level, each unit is rated at 39,500 HP under a 


190-foot head. The power generated will serve 
southeastern Idaho, where Atomic Energy Com- 
mission facilities and a growing phosphate industry 
now tax the existing electric supply. 


Whatever your needs in hydraulic turbines and 
accessories may be, S. Morgan Smith offers 79 
years’ background in designing and manufacturing 
equipment for world-wide installation. This expe- 
rience — over 16,000,000 HP installed capacity —- 
is your greatest assurance of satisfactory equipment 
performance. For full information, write S. Morgan 
Smith Company, York, Penna., U.S.A. 
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Inside view of the powerhouse, with the pit for 
Unit #1 in the foreground, and Units +2, 3 and 4 
in various stages of construction to the rear. 
(U.S.B.R. photo) 


Scroll cases for the Palisades turbines are shop-welded steel plate 
construction. (U.S.B.R. photo) 


ve 


Final check assembly of Unit +2 —a complete scroll 

case, pit liner, distributor gates and operating mechan- 

ism —is made in SMS shops prior to shipment to the site. 
Welding a flange to a sec- 
tion of Unit #3’s spiral steel 
case. SMS shops are com- 
pletely equipped to fabricate 
weldments of the largest 

types. 


ee GATES & HOISTS 
TRASH RAKES 
PUMPS ACCESSORIES 


HYDRODYNAMICS 


ROTOVALVES FREE- DISCHARGE 
AFFILIATE: S. MORGAN SMITH, CANADA, LIMITED, TORONTO BALL VALVES VALVES 


Licensees: The Harland Engineering Company, Ltd., Alloa, Scotland CONTROLLABLE- 
Tokyo Shibaura Electric Co., Ltd., Japan mo Saar PROPeLugRs 
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MODEL TPF 1190 
powered by Ford 954E Diesel Engine 


OUTPUT OF I10 C.F.M. FREE AIR AT 100 LBS. 
TWO-STAGE AIR COOLED COMPRESSOR 


LOW DISCHARGE TEMPERATURES FOR LONG 
COMPRESSOR LIFE 


LIBERAL RESERVE OF POWER IN BOTH ENGINES 


CHOICE OF 5 MOUNTINGS 


effici 


INGERSOLL-RAND 
TWO-TOOL 
PORTABLE 

COMPRESSORS 










MODEL TPG 110 
powered by Gardner 3LW Diesel Engine 


Identical in output and function, the two models are 
distinguished only by the power unit. Whether fitted with 
the Gardner or the Ford engine, they represent the most 
economical and reliable portable compressors built 
today, and maintain the high standard of construction 
associated with the name of Ingersoll-Rand. Both models 
are backed by world-wide spares and service facilities 
and both are outstanding in their versatility, accessibility 
and performance. 


FOR FULL SPECIFICATION, WRITE FOR DESCRIPTIVE LEAFLET LN 1/0. 


COMPRESSORS - ROCK DRILLS - JACKLEGS 


Ingersoll Rand CARSET JACKBITS - SUMP PUMPS - DIGGERS & PICKS 





MA ODE 


SCOTTISH OFFICE: 20 RENFREW STREET GLASGOW C2 


AT TRAPFOR DO PAR K 


INGERSOLL-RAND CO LTD 165 QUEEN VICTORIA STREET LONDON EC4 TELEPHONE LONDON CENTRAL 5681 


Telephone: DOUGLAS 1233 Telegrams: INGERSOLL GLASGOW 
1755 
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PENSTOCKS 
TOWERS 
| GANTRY CRANES 


a, 


Junod + Perret 








We can supply at most favourable condi- 
tions, overground, underground or embed- 
ded penstocks, pressure shafts and their 










accessories. 









Towers for electric transmission lines, for 
teleferics or radio aerials. 

Steel structures for buildings. 

Reservoirs of any shape and dimensions. 


Gantry crane, lifting capacity 3 to 25 tons, 
distance between rails 36 m., 2 overhangs 
of 12 m., total length 60 m. 









giovanola 


GIOVANOLA FRERES S.A,, MONTHEY CVS) SUISSE 
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The Merila Barrage is part of the Low Tana Hydro 
Electric Development in Kenya, which has been designed 
and constructed by Balfour Beatty for the East African 
Power and Lighting Co. Ltd. 

The photograph of part of the barrage, which diverts 
water into the headrace tunnel, shows one of the 37’ 6” 
span automatic control gates starting to open. 


BAaLPOUR BEATTY 


AND COMPANY LIMITED 





CIVIL & ELECTRICAL 
ENGINEERING CONTRACTORS 


Head Office: 66 QUEEN STREET, LONDON, E.C.4 


NAIROBI and TORONTO 








GLASGOW 





BAGHDAD 





ALSO AT EDINBURGH 
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Power Plant and Substation Equipment 


Hitachi’s waterwheel driven alternators are backed with more than 
half century of indefatigable research and engineering experience. 
Thousands of HITACHI alternators in a wide variety of capacities 
have already been supplied with satisfactory results in power plants, both 
at home and overseas. 








Waterwheels, Boilers, Steam Turbines, D.C. Generators, Power 
Transformers, Induction Regulators, Circuit Breakers, Disconnecting 
Switches, Lighting Arresters, Static Condensers, Rotary Converters, 
Mercury, Rectifiers, Frequency Changers, Alternators. 


; 1. Ute, 
* 
Cable Address : 


Tokyo Japan “HITACHY” TOKYO. 
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RapieR Gates control flood water and retain the high tide level on 
the River Clyde in Glasgow. The installation includes three 80 feet 
span gates, 12 feet deep with bridge work and electric operating 
gears. The gates automatically turn under the arches in the fully 
raised positions. 


Water Control Gates 


for 


encauarons Power Plants Water Supply 


MOBILE CRANES 





River Control Irrigation 
Locks & Docks 





RANSOMES & a LTD 


IPSWICH and LONDON ENGLAND 
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SOCIETE CRENOBLOISE D’ETUDES ET D’APPLICATIONS HYDRAULIQUES 


SOCIET&E ANONYME AU CAPITAL DBE 130000000 DE FRANCS 


SB 8@eeese eet ese 
Avenue Léon-Blum - Botte Postale 145 - Tel. 44-55.55 
Compte Courent Poste Lyon 53-891 
Télegramme Sogresh - Grenoble R. C. 55 BM 


PARIS (Vitti) 155, Bouleverd Haussmann 
Téléphone BALrac 05.12 Télégramme : Sogresh-Paris 


n. rét 


LABORATOIURE DAUPHINOTIS OD HYDRAULIQUE 


dans vetre ‘épocse GRENOBLE, i January 15th 1956. 


OBJET: 


Vv ret 


Dear Sir, 


The Laboratoire Dauphinois d’Hydraulique, which until recently was a branch 
of the Etablissements NEYRPIC, has for some time been developing and 
extending its activities. This trend led, in March 1955, to the formation of a 
new company specialising in hydraulic studies. Its object was to take over 
progressively all the functions of the Laboratoire Dauphinois d’Hydraulique. 
We are now able to tell you that this process was finally completed on Ist January 
1956. 

SOGREAH is a company of Consulting Engineers, specialising in hydraulic 
techniques in particular and in fluid mechanics in general, with every facility 
for supporting its theoretical work with laboratory tests 


Since the personnel of the Laboratoire Dauphinois d’Hydraulique of the 
Etablissements NEYRPIC has been transferred almost in its entirety to our 
company, the same staff will be at your disposal to deal with any problem 
that you may require solved. 


We shall continue to do all in our power to merit your confidence 
Yours faithfully. 


Le Directeur Géneral Adjoint Le Président-Directeur Général, 


GRENOBLE G Saegete OP CCweme Caw 


Avenue Léon-Blum 
Gaston SAUVAGE de SAINT MARC Pierre DANEL 


PARIS (VIII*) 
155, Bd Haussmann 


eae 
” ge 
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TVA Installs Another Leffel Turbine 


Nottely Dam Power Plant =a progress report as of the end of 1955 
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Completely as- 
sembled turbine 
except for rivet- 
ed scroll case, 








Powerhouse exca- 
vation and draft 
tube 





forms in 


place. 


Assembled scroll case in 
position from above, 


“) THE JAMES LEFFEL & CO. 


In the new hydroelectric power plant on the Nottely River near 
Murphy, North Carolina, the TVA is now completing the in- 
stallation of another efficient Leffel turbine. 

Nottely Dam, of the rock and rolled earth fill type, was com- 
pleted in 1942, without a power unit. Installation of the No. 1 
power unit was authorized in 1951 and a Leffel turbine was 
selected to drive the generator. 

The turbine is rated to develop 21,000 HP under a net head of 
124 feet at 180 RPM. The specific speed of the turbine at rating 
is 63.2 RPM. The operating head varies from 76 feet to 166 feet. 

Other Leffel turbines installed by the Tennessee Valley Au- 
thority are located at Chatuge Dam in North Carolina and 
Wilbur Dam in Tennessee. 

The efficient design and rugged construction of the Nottely 
unit—backed by 94 years’ of experience in the hydraulic turbine 
field—make it typical of the notable hydraulic turbines built by 
Leffel for hydroelectric power projects throughout the world. 

Leffel engineers are trained in design, construction and adapta- 
tion of the turbine which will most efficiently and economically 
meet the needs of each power plant development, whether it is 
a completely new installation or part of an expansion of rehabili- 
tation program. 

Before you plan your next turbine installation, be sure you 
have the complete story on rugged, efficient Leffel turbines. Write, 
wire or phone ... you'l! get action fast. 
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DEPARTMENT W e@ SPRINGFIELD, OHIO, U.S.A. 
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Post Insulators 


were used for the 
New South Wales 
Public Works Department for 


Burrinjuck Sub-Station. 











The Burrinjuck 132 kV Switching Station was equipped with Cylindrical Post 
Insulators type P.703. This is one of many stations on the New South Wales Public Works 





Department system equipped throughout with S.P.P. Post Insulators for 110 kV and 66 kV. 


STEATITE & PORCELAIN PRODUCTS LTD. 


Stourport-on-Severn, Worcestershire, Telephone Stourport III, Telegrams ; Steatain, Stourport. _ 
14 
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Northern outfall This contract, recently completed for the London County 
Council, comprised the construction of Penstock Chamber, 
Main Supply Channel, Screen House, Supply Channels, 
k Distribution Channels, sixteen Sedimentation Tanks, Sludge 
wor S Pumping Station, Effluent Culverts and outfall works. 
The works, which are designed to deal with an anticipated 
B k flow of sewage of 200,000,000 gallons a day. were 
at ec ton constructed almost entirely in reinforced concrete. 
The foundation work included the driving of 8,500 precast 
concrete piles. Sulphate-resisting cement was used 
for all the piling work. 
Engineer: J. Rawlinson,C.B.E., M.Eng., M.1.C.E.,M.1. Mech.E. 


from Screen House with 


"2 


Primary Sedimentation Tanks in background 


EDMUND NUTTALL SONS AND COMPANY (LONDON) LIMITED 


CIVIL ENGINEERING CONTRACTORS * 22 GROSVENOR GARDENS, LONDON, 
52 WATER POWER June 
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95000 HP horizontal shaft Francis-Turbine 


Y AND ROTARY VALVES 
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R-B excavators in certain sizes are now being built with a 


re-designed cab in a new and attractive colour scheme, but neither 
design nor colour scheme has been introduced merely for the sake of 
change. Both in fact are the result of the policy of development in 
detail for the customer’s benefit. The new design is devised to incre 
ease of operation and to give greater visibility. The new colour 
styling und metal pre-treatment proclaima long period of 

patient research into the problems of metal preservation to 

produce a finish that will give an even higher degree of 

durability under the severe and exacting conditions in 

which the R-B excavator is normally expected to work. 


Replacement of your existing equipment can, therefore, 


be considered at any stage with complete confidence that a 
new R-B excavator will, in one direction or another, 
represent an improvement upon existing equipment, 


RUSTON-BUCYRUS LIMITED 
EXCAVATOR SPECIALISTS 
LINCOLN 


Improvements, represented by attention 
to detail, are continually being built into 
Ruston-Bucyrus excavators. ‘I'he process of 
development is a never ending one and as 
improvements are developed so are they 
incorporated in the complete range of Ruston- 


Bucyrus excavators up to 6 cu. yds. capacity. 
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AKTIEBOLAGET KARLSTADS MEKANISKA WERKSTAD 


KARLSTAD : SWEDEN 





“VOLPATO” 


COMPLETE EQUIPMENT FOR H.V. LINES FROM 30 KV TO 380 KV 
SUB STATIONS AND POWER PLANTS . COMPRESSION MATERIAL 


HIGH-GRADE SPECIALIZED MANUFACTURERS — 35 YEARS OF EXPERIENCE 











TOTAL EQUIPMENT FOR THE LONGEST 220 kV OVERHEAD LINE 
IN AFRICA - Connecting Haut Katanga (Belgian Congo) to Northern 
Rhodesia - (Le Marinel - Jadotville - Kitwe) Twin Conductors - 500 km 





SOC, ELETTRO-MORSETTERIE VOLPATO - VIA B. CAVALIERI. 3 - MILANO - ITALY 
CATALOGUES AND PRICES ON REQUEST 
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FOR PUMPING PLANTS 
AND IRRIGATION 

FOR AQUEDUCTS 

FOR CIVIL - AGRICULTURAL 
AND INDUSTRIAL USES 
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ELECTROMECHANICAL 
INDUSTRIES 


HELLIZZARI 


ARZIGNANO Italy 
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The Switchgear 

with EXCEPTIONALLY 
SMALL SPACE 
REQUIREMENTS 


BV Unit with Hand-operated 
mechanism 





The interior of the 
BV’ Unit 


if the need is for 
SWITCHGEAR 
‘and what electrical development scheme does not call for 


switchgear, ‘ Ferguson Pailin’ can supply the need. Our type 
‘BV’ switchgear, built for 11kV service, is universally known 
and might almost be said to set a standard for its class. It 
possesses all the accepted desirable features, being the result of 
continuous development over many years. 


Each circuit-breaker ts 
mounted on its own truck 
and is interchangeable 
between units 












BV switchgear ts designed for extension to small 
or other switch units/isolators as required. The 
illustration shows a BV unit combined with a 
tvpe IB isolator. 





Typical! BV° Switchboard with spring-operated mechanism 


BY SWITCHGEAR 


it’s SAFE 
to specify 








Ferguson ailim = ocumiteo 


e AES. Group Pp ee es 








Head Office & Works: HR. OPENSHAW MANCHESTER 11, Telephone : DROyisden 1301 (Pte Branch Ex) 
LONDON OFFICE Bush House. Aldwych. W.C.2 BIRMINGHAM OFFICE | Windsor House, 656 Chester Road, Erdington. 23 GLASGOW OFFICE 
REPRESENTED IN PRINCIPAL OVERSEAS TERRITORIES 


Central Chambers. 109 Hope Street, C.2 
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This twin cylinder diesel compressor set will have to work at full pressure for 
long periods, under arduous conditions and with very little attention. The 
ccuracy and strength of BIRSO non-ferrous castings are relied on to give 
unfailing service, year in, year out. Illustrated are some of the BIRSO 
phosphor-bronze castings used in the set, ranging from main bearing shells 
to connecting rod and starting-handle bushes. They are all cast to the same 
exacting specifications and precision-machined in our own extensive 
machine shops 

Our great experience and unrivalled resources, coupled with a fersonal service, 
are available to help solve your problems, too 





Castings from a few ounces to 10 tons in 


phosphor - bronze, gun - metal, aluminium - 
hronze, manganese-bronze and light alloys 
Precision-machined bushes and bearings 
Specialists in high-tensile aluminium-bron-< 


TRA - 
castings, centrifugal-cast wheel hlanks, and DE MARK 






chill-cast rods and tubes 


T. M. BIRKETT, BILLINGTON & NEWTON LIMITED 


HANLEY AND LONGPORT, STOKE-ON-TRENT 
HEAD OFFICE. HANLEY Telephone: Stoke-on-Trent 22184/5 ¢ 
LONGPORT Telephone: Stoke-on-Trent 87303 


One of Britain’s Largest NON-FERROUS Foundries 
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LINKING THE OLD WORLD WITH THE NEW 


In the year eighteen hundred and sixty-six the ill-fated Great Eastern crossed the Atlantic 
to lay the first successful submarine cable linking the old world with the new by telegraph; 
here is one of the first spectacular achievements in guiding electricity to the service of 
man 

Just twelve months later the Company of Taylor, Tunnicliff was formed in Stoke-on-Trent 
and began spinning a new industry from their potters’ wheels. Their destiny was to supply 
the insulation for the tenuous lines of the telegraph wires and power lines as they spread 
their webs across the country and across the world 

From the very beginning Taylor, Tunnicliff has been growing with the industry, and match- 


ing its new demands with porcelain insulation to guide the electrical force safely to its 


destination 





OVERHEAD LINE INSULATORS 

SWITCHGEAR INSULATORS 

BUSHES AND BUSHINGS 

DIE MADE ARTICLES FOR LOW VOLTAGE APPLICATIONS 
CERAMICS FOR RADIO FREQUENCIES 

REFRACTORIES FOR HEATING APPARATUS 

FISH SPINE BEADS. ETC. 














TAYLOR TUNNICLIFE AND COMPANY, LIMITED 





Head Office : EASTWOOD. HANLEY, STAFFS. 
Stoke-on-Trent 25272-5 


London Office : 125 HIGH HOLBORN, W.C.1 
Holborn 1951-2 
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JOINT MANGUVRES 


Jointing an undersea cable is a difficult techni- 
cal operation. Manceuvring it from the ship to 
the sea-bed or vice-versa, calls for skill of a 
different sort — and a good pair of sea legs. 

We show a cablehand engaged in the recovery 
of an experimental joint from the English Channel 
during Submarine Power Cable Trials carried out 
for the Central Electricity Authority by BICC. 

Cables for every electrical purpose are manu- 
factured by BICC who undertake their installation 
anywhere in the World 
and underwater! British 


underground, overhead 


Insulated Callender’s 
Cables Ltd., 21 Bloomsbury Street, London, W.C.1. 
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A technical journal devoted to the study of all 
aspects of Hydro-Electric Development 


The Outlook for Hydro Power 


N all industrialised countries—and what literate 

country, in these days, is not actively attempting 

to achieve that status ?—there are influences at 
work which, viewed in a historical perspective, will in- 
evitably lead to political and economic pride of posi- 
tion being awarded to the nation with the greatest 
supply of available energy. In the long run this must 
override all other considerations, because all else— 
even the supply of the food needed to sustain life and 
the water required for health—is becoming more and 
more dependent on electrical power. Large popula- 
tions, regrettably enough, would be politically im- 
potent without the energy needed to create the 
scientific instruments of warfare nowadays essential 
if they are to put mailed fists in the velvet gloves of 
diplomacy; and in trade, the race goes to the swiftest 
to electrify. 

The influences tending almost to deify electrical 
energy as the primary need of civilised communities 
may be classified under several headings. First, the 
attitude of labour towards the community is fairly 
rapidly leading to a condition where the very high 
wages now demanded can sway the balance between 
economic stability and export-import bankruptcy. 
This is not to suggest that it is wrong for labour to 
demand its due share of the fruits of industry, but 
the tempo at which those demands are advanced must 
keep step with the advance of productivity, and when 
this synchronism is destroyed the whole economic 
machine is thrown out of gear. The only answer here 
is to reduce the wages cost of a manufactured article, 
and here electrical automation comes into its own. But 
an “ automatic” factory (one where the minimum of 
manual labour is necessary) uses far more electrical 
energy per unit of output than is the case in the more 
usual plants nowadays in service. As an example, 
semi-automation of one large section of a particular 
automobile plant put up the electrical maximum- 
demand figure in a ratio of five to one per vehicle sent 
out. Fierce international competition will force auto- 
mation methods on industrialists everywhere, even if 
there is opposition from organised labour. More and 
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more power will be needed to meet the situation. 

A second great long-term factor relates to the pro- 
gress made by the medical profession in saving and 
prolonging life. The populations of countries where 
very high infantile mortality rates were formerly 
accepted as normal have increased enormously in the 
last few decades. As an example of this influence at 
work, mention may be made of the effect of a vaccina- 
tion campaign carried out by a United Nations Agency 
in an underdeveloped Central American country. 
Before the campaign, twenty infants in every hundred 
born died within a year; after it, only five succumbed, 
over a three-year statistical period. All these new 
mouths to feed are supplemented by the old people, 
who, in general, live longer due to medical care. But 
the infants saved from early death pose another prob- 
lem for the energy planners. Each successive genera- 
tion will demand a standard of living—based on elec- 
trical energy—which starts to improve from a level 
even higher than that attained by the preceding genera- 
tion. A newly married couple, each having lived in 
houses where one electric lamp was regarded as ample 
in one room, will tend to plan their own new living 
quarters on the basis of three or four lamps per room; 
and they will demand as of right all the other electrical 
domestic amenities nowadays regarded as essential. 

Sufficient food to supply growing populations can 
only be provided if artificial fertilisers are available 
in great quantity, and only electrical energy can provide 
them. Mechanised agriculture and horticulture lean 
heavily on electrical energy, both on the farm and in 
the factory where the agricultural machinery is made. 

All these influences, then, will tend to make the 
providers of electrical energy the essential servants of 
any community. Where can they look for their raw 
materials ? It is becoming abundantly clear that within 
the next three decades there will be a concentration on 
two, and only two, major methods of electrical-energy 
production—nuclear energy and water power. The 
one enables any country (if it can afford the capital 
cost) to establish a power plant almost anywhere 
where cooling water is available, and the other, though 


203 








limited to countries with suitable topography, pro- 
vides everlasting power with the minimum expendi- 
ture of technical effort, once the constructional project 
is completed. 

The wasteful procedure of mining coal at great cost 
and no little danger, hauling it over long distances, 
and then being forced to throw two-thirds of its heat 
content away into cooling towers or rivers, will be- 
come increasingly difficult to justify. The mineral is 
too precious to waste; its byproducts are too badly 
needed to allow them to disappear as noxious gases 
up power-station chimneys, and the heat rejected by 
the thermal power cycle should be increasingly con- 
served for industrial process-heating or district-heat- 
ing purposes. 

After the next four decades, the use of solar power 
may weil begin to become practicable on a larger 
scale, but the problems of intermittent availability of 
sunlight will lead to a great need for storage of energy, 
and unless the fuel cell is developed to a degree so far 
thought to be unlikely, the pumped-storage hydro- 
plant will be even more vital to the proper operation 
of the world’s power systems. 

In any case, whatever developments may take place 
in nuclear or conventional thermal power generation, 
the position of water power will remain secure. Apart 
from the future possibility of harnessing solar power, 
water power is the only source of energy that does not 
utilise a wasting asset, and furthermore, its charac- 
teristics make it the ideal medium to correlate with 
thermal generation where such a partnership can be 
shown to be economic. 

The World Power Conference, holding its fifth 
meeting in Austria this year, forms a focal point for 
discussion of the factors briefly set out above, and it 
could not be held in a more appropriate setting from 
the hydro-electric engineer’s point of view. Austrian 
developments in this field are well known, and the 
Y bbs-Persenbeug and Kamp Valley plants (the former 
described elsewhere in this issue and the latter includ- 
ing a 40 MW pumped-storage scheme) to be visited 
by the delegates are typical of the energetic and highly 
skilful way in which Austrian engineers are making 
the best possible use of their natural resources. The 
high level of precipitation and the great differences 
of head to be found in the waters of the Austrian Alps 
render Austria a most fortunate country in regard to 
potential water power. 

Another possibility that is of increasing interest to 
hydro-electric engineers is tidal power. After many 
years of discussion in many countries it now appears 
certain that within a few years the harnessing of tidal 
power will become an accomplished fact, and the con- 
ference to be held this month in Paris under the 
auspices of la Societé Hydrotechnique de France is 
particularly opportune. Current trends in thinking 
about tidal power are well summarised in an article, 
the first part of which appears elsewhere in this issue. 
by a German engineer who has made a life study of 
this question. 

Electrical transmission problems are of the utmost 
concern to the hydro-electric engineer, and that in- 
valuable biennial function, the CIGRE Conference, 
also being held this month, is to be welcomed. Hydro- 
electricity is becoming increasingly bound up with 
achievements in the field of electrical transmission. 

Truly this is a month of conferences, and in future 
issues we hope to give some account of all of them. 
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East Kilbride Laboratory Model 


A 1 : 48 scale model of the new D.S.LR. Hydraulics 
Laboratory at East Kilbride, Glasgow, was on view 
recently at the Institution of Mechanical Engineers, 
Tests on water-turbine models and on pumps under 
cavitation conditions will be carried out on a closed 
circuit which will accommodate turbine models up to 
250 h.p. and 20 in. runner diameter at heads ranging 
from 10 to 200 ft. and pumps with inputs up to 350 
h.p., heads up to 600 ft. and deliveries up to 7,500 
g.p.m. For low heads the water will be circulated by a 
variable-pitch axial-flow pump, and for high heads by 
a centrifugal pump. The temperature, pressure and 
air contents of the water are controlled, and any air 
bubbles produced by cavitation are reabsorbed by 
subjecting the water to high pressure by passing it 
through an underground tank 12 ft. in diameter and 
60 ft. deep. 

The main test bay is of the open-circuit type and 
contains a 60,000 gallon covered sump with removable 
decking and underwater illumination. A flow of 32 
cusecs at a constant head of 45 ft. can be maintained 
from an overhead tank supplied by two service pumps, 
and variable heads between 10 and 40 ft. can be 
obtained from a second tank with a telescopic weir. 
Friction and flow-measurement tests can be conducted 
with the aid of a 700 ft. loop of 20 in. diameter pipe, 
and pipelines of 8, 14 and 18 in. in diameter are avail- 
able for flowmeter research. 

An aerodynamics laboratory and an oil and special 
fluids laboratory are also included in the facilities. 


Cheakamus Contract Awarded 


THE contract for the construction of the power 
house in British Columbia Electric Company’s 
Cheakamus hydro-electric project has been awarded 
to Mannix Ltd. Mannix underbid three other firms for 
the $2,500,000 contract which calls for grading and 
footings for two 1,700 ft. steel penstocks, and for a 230 
kV switchyard, in addition to construction of the 
power house which will produce 190,000 h.p. by the 
autumn of 1957. 

Other phases of the project include a 6} mile tunnel 
to divert water from the Cheakamus River into the 
Squamish and a large dam to back up waters of the 
Cheakamus creating an artificial lake over surround- 
ing marshland. 

In addition to the $2,500,000 construction cost, the 
power-house work will involve installation of 
$4,600,000 worth of power-house equipment. 


Indian Station Opened on the Sarda Canal 


THE 41,400 kW hydro-electric power station on the 
Sarda Canal at Khatima in the Naini Tal district of 
Uttar Pradesh was opened by the State’s Chief 
Minister, Mr. Sampurnanand, on April 27. It cost 
Rs. 12,64,70,000 and is the largest hydro-electric 
power station in the State. It will serve eleven central 
districts of the State and augment supplies to the 
Ganga grid. It is expected to yield an annual revenue 
of about Rs. 73-3 lakhs and, when loaded to full capa- 
city, will generate about 112-4 million units per year. 
The construction of the civil works of this power 
station was started in 1945-46. The English Electric 
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Co. Ltd. was entrusted with the contract for the 
supply, erection and commissioning of all the plant 
for the power house, viz., 19,200 b.h.p. vertical-shaft 
Kaplan turbines coupled to three 17,250 kVA, 11 kV 
umbrella-type alternators, intake hydraulic equip- 
ment, discharge regulators and 132 kV _ outdoor 
switching station. 


High-Voltage Grid in Victoria, Australia 


ANOTHER stage in the development of Victoria’s 
new extra-high-voltage grid was marked by the open- 
ing recently of the State Electricity Commission’s big 
new switching station at Rowville, just north of Dan- 
denong. The new grid will operate at 220 kV, the 
highest voltage for bulk power transmission so far 
employed in Australia. The Rowville switching 
station will be a major junction for the transmission 
of electricity generated at the Latrobe Valley brown- 
coal power stations and the Kiewa and Eildon hydro- 
electric stations. 

The S.E.C. has just completed a new 220 kV power 
line around the north-eastern perimeter of the metro- 
politan area from Rowville to Thomastown, which 
now provides interconnection between the new Yal- 
lourn and Kiewa transmission lines, already in opera- 
tion, and is to erect a transmission line from Kiewa 
to Shepparton. From Shepparton the line will con- 
tinue on to Bendigo. Eventually the whole of central 
Victoria will be encircled by 220 kV transmission lines 
continuing on from Bendigo via Ballarat and Geelong 
back to Melbourne. 

Other main power lines are planned to run from 
Shepparton right along the Murray Valley to Mildura, 
and from Geelong to Camperdown, and possibly fur- 
ther on to Terang. The total length of this power grid 
when it is completed will be more than 1,000 miles. 

The S.E.C. is also planning the transmission line 
which will carry Victoria’s share of Snowy Mountains 
hydro-electric power. This line will operate at 330 kV 
and will link up with the Victorian grid at Dederang, 
between Albury and Kiewa. 


Rapide Sans Nom Station 


Tue generating station at The Shawinigan Water 
and Power Company’s new hydro-electric develop- 
ment at Rapide Sans Nom will be of the most modern 
outdoor type without any superstructure. It will 
operate under a head of 125 ft. and is designed for 
six generating units with a total capacity of 248 MW. 
Rapide Sans Nom is about 10 miles upstream from 
La Tuque. The outdoor type power plant will be the 
first of its kind on the St. Maurice. The Shawinigan 
Engineering Company Limited, wholly owned sub- 
sidiary of The Shawinigan Water and Power Com- 
pany, is designing and will build the new plant. 

The new dam at Sans Nom will raise the river level 
some 110 ft.. a niné«mile diversion of the Canadian 
National Railways transcontinental main line will be 
necessary. Further, in order to obtain the full head of 
125 ft. it will be necessary to dredge approximately 
1,750,000 cu. yards of material from the bed of the 
river downstream from the Rapide Sans Nom site. 

To carry power down the valley from the new site 
a transmission line will be built from Rapide Sans 
Nom to Trois-Riviéres to operate at 230 kV. This will 
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be the fourth line from Shawinigan’s Upper St. 
Maurice River stations, and it will be tapped into the 
Company’s recently constructed paralleling station at 
La Tuque to operate in conjunction with the three 
existing lines. 

Target date for production of power from the first 
of the generating units at Rapide Sans Nom is Novem- 
ber 1, 1958, and with all six in operation the total 
installed capacity of Shawinigan’s seven power 
developments on the St. Maurice will be more than 
1,500 MW. 


Surface-laying a Cable 


A NEW departure by the North of Scotland Hydro- 
Electric Board—laying cables overland instead of 
using pylons—has been welcomed by Inverness-shire 
Planning Committee, which recently gave its blessing 
to an application from the Board to lay an overland 
sheathed armoured cable from Invergarry generating 
station to the other works, some five or six miles to 
the west above the Falls of Garry. The cable will lie 
on top of the ground most of the way. Where it has 
to go underground it will be laid six inches deep, and 
where it crosses rivers it will be clipped to bridges. 


Aluminium Limited Hydro Projects 


A TWO HUNDRED and fifty million dollar pro- 
gramme for the proposed construction of a great new 
hydro-electric project on the Peribonka River in Nor- 
thern Quebec to support a minimum of 150,000 tons 
of new aluminium smelting capacity in the Saguenay 
district of the province was announced by Nathanael 
V. Davis, President of Aluminium Limited, at the 
Annual Meeting of the Company’s Shareholders in 
Montreal. Mr. Davis said that the Company’s sub- 
sidiary, Aluminum Company of Canada Limited, was 
negotiating with the Government of the Province of 
Quebec for rights to develop 800,000 h.p. on the 
Upper Peribonka River about 80 air miles from Isle 
Maligne. First power would be generated by the new 
station in about three years provided a start on con- 
struction was made this summer. 

The President said that assuming both the new 
Quebec expansion and the construction programme at 
Kitimat, British Columbia, are advanced without 
delay the Company’s Canadian aluminium capacity 
will be increased from 650,000 tons at the end of 1955 
to a figure in excess of one million tons at the end of 
1959. 

Describing the new power project Mr. Davis said 
“the power facilities would be constructed a few miles 
below the existing storage dam known as the Passe 
Dangereuse Dam which creates on the Upper Peri- 
bonka River one of our main storage reservoirs. An 
intake tunnel six miles long would be constructed from 
this reservoir to a point downstream where a gross 
head of 636 ft. can be developed and where an under- 
ground generating station will be installed. 

“The estimated capital cost of the power develop- 
ment and the additional integrated smelter facilities 
including new facilities for the production of alumina 
is expected to be of the order of $250,000,000 based on 
current price levels. Of this amount approximately 
$135,000,000 would be required for the power de- 
velopment alone. Mr. Davis said that Aluminium 
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Limited continued to have an active interest i: other 
hydro-electric developments, not only in Canada but 
also in the Gold Coast and in French West Africa 
where power sites are adjacent to bauxite resources. 


Electricity for Mityana 


Tue Uganda Electricity Board has announced that 
Mityana is to be supplied with electricity. This con- 
stitutes the next stage in the Board’s programme for 
the distribution of electricity in Uganda which will 
make supplies of electricity available initially to nearly 
500 premises. A 33 kV line is to be erected westwards 
from Kampala to Mityana and then southwards to 
join up with the existing Kampala-Masaka line, some 
35 miles south-west of Kampala, to form a ring main. 
Over 100 miles of line will be constructed, including 
several spur lines to serve places off the route of the 
main lines. 

In addition to the township of Mityana, supplies 
of electricity will be made available to Bulopa, Bukojo. 
Jeza, Mwera, Kirwi, Budo, Ndodo, Tondola, Kibibi, 
Kabasanda, Bukandala, and other places. Coffee fac- 
tories and hulleries, tea factories, ginneries, maize 
mills, oil mills and saw mills will all benefit by the 
scheme. Provision is also to be made for connecting up 
hospitals and Saza and Gombolola headquarters at 
several places. 

The Board recently approved another scheme in 
Buganda, being an extension northwards from their 
Kampala-Bombo line, comprising 35 miles of electric 
line, to give supplies to some 200 consumers including 
cotton ginneries, oil mills, the Bukalasa Agricultural 


Correspondence 


That Longest Water Tunnel 
To the Editor of WATER POWER 

On pages 89-90 of the March issue of WATER 
PowWER it is stated that the Vinstra tunnel, 23,700 m. 
long, “is claimed to be the longest water tunnel in 
Europe, if not in the world.” According to the Editor’s 
Note: “ This is true only if the penstock and tailrace 
tunnel are taken into account.” And further on: “the 
length of this tunnel is exceeded by that of the Loch 
Treig-Lochaber tunnel serving the Lochaber works of 
the North British Aluminium Co. Ltd.,” which means 
that the latter tunnel is the longest in Europe. 

May I take the liberty of pointing out that in the 
Piave-Boite-Maé-Vajont Plant, North Italy, the sec- 
tion of the main supply tunnel from the Pieve Reser- 
voir to that of Val Gallina is 24,600 m. (80,708 ft.) in 
length. This section is followed by another one of 
about 2,500 m. long, which connects the Val Gallina 
reservoir with the power station of Soverzene 
(operating since January 1951). The main supply 
tunnel, in its turn, is preceded upstream by the supply 
tunnel from the Boite, about 5,000 m. long, and is 
connected with the tunnel conveying the water of the 
Maé, which runs into the main supply tunnel, consist- 
ing of a first section of about 8,500 m. and a second 
section of approximately 2,500 m. in length. Even if 
we do not take into account the connected tunnels and 
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Station and Saza and Gombolola headquarters. The 
villages of Kalule, Bowa, Wobulenzi, Luwube and 
Luwero will benefit by the supply. 

The capital cost of these two distribution schemes, 
which will take about five years to complete after con- 
struction starts, is estimated at nearly £350,000. 
Premises, however, will be connected as far as possible 
as the electric lines are erected. The main electric lines 
are of sufficient capacity to deal with the electricity 
requirements of many more than the 700 consumers 
expected to be supplied from the two schemes in the 
first few years. 


Sir Adam Beck No. 2 


WHILE this issue is in the press Dr. Richard L. 
Hearn, Chairman of Ontario Hydro, will give the 
Annual Lecture to the Supply Section of the Institu- 
tion of Electrical Engineers, in London, on the Sir 
Adam Beck No. 2 station, Niagara Falls. This station 
—one of Ontario Hydro’s outstanding achievements— 
will have an ultimate installed capacity of 1,370 MW 
in 16 units, in addition to which there will be a 
pumped-storage scheme incorporating six 47,000 h.p. 
reversible pump-turbines and 15,000 acre-ft. of storage 
at 85 ft. head. The station was officially opened by 
H.R.H. the Duchess of Kent on August 30, 1954, when 
three units were in operation. Four more units fol- 
lowed later in the year, and five in 1955. The pumped- 
storage stage is now under construction and is 
scheduled for completion next year. The four remain- 
ing generating units will be installed when required. 
Generation is at 60 cycles, which has superseded the 
25-cycle system. 


penstocks, I think that the Soverzene tunnel is longer 
than the above mentioned ones. 

May I add, however, that the most important 
element to be considered when the length of a tunnel 
is under discussion is the length between two adits, 
and not the total length. 

ING. CARLO SEMENZA. 


Director, Societa Adriatica di Elettricita 


High-Head Sluice Gates 
To the Editor of WATER POWER 

Please refer to your issue dated February 1956. The 
article on high-head sluice gates by Mr. Ernst Haase, 
page 55, contains erroneous information on the 
hollow-jet valve. I have been engaged in the design of 
hydraulic equipment for the Bureau of Reclamation 
for the past thirty years, and am the inventor and joint 
patentee of the hollow-jet valve which was mentioned 
in the concluding remarks of Mr. Haase’s article. 

The article states that hollow-jet valves were no 
longer used for regulating purposes within a conduit. 
It would be appreciated if you will correct this state- 
ment in your publication to the effect that hollow-jet 
valves have never been used in closed conduits. 

The hoilow-jet valve should only be placed at the 
downstream end of an outlet pipe where the jet may 
discharge freely into the atmosphere. However, it may 
be operated satisfactorily when partially submerged 
with the water not higher than the centreline of the 
valve. It is used primarily for regulating purposes and 
will not cavitate or vibrate at any opening. 

B. H. STAATS. 


Supervisory Engineer, U.S. Bureau of Reclamation 
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Fig. 1. General view of the site, showing Persenbeug Castle on the left 





The Ybbs-Persenbeug Plant 


Dr. E. K6nigshofer, of Osterreichische Elektrizitatswirtschafts A.G., des- 

cribes a 270 MVA run-of-river station which Osterreichische Donau- 

kraftwerke A.G. is constructing on the Austrian Danube and is expected 

to form one of a chain of stations between the Austrian-Bavarian border 
and Vienna 


FFORTS to utilise the Austrian Danube for power 
supply were made as long ago as in the time of the 
former Austro-Hungarian monarchy which was 
disrupted at the end of World War I. Notwithstanding 
this it is only within the last few years that the amount 
of energy obtainable by harnessing the river was re- 
liably established. Not until the electricity industry 
was nationalised in 1947 were steps initiated to elabor- 
ate an overall development plan for the Austrian 
Danube. To be sure, the relative data had been col- 
lected before, but no co-ordinated use had been made 
of them. Fig. 2 shows the course of the Austrian sec- 
tion of the Danube, and indicates the stages envisaged 
under the overall plan. Over a length of 343 km. a net 
head of about 130 m. is divided into 14 stages, the en- 
visaged utilisable water flow amounting to 1,750 cu. m. 
per sec. at the topmost and to 2,300 cu. m. per sec. at 
the lowest stage. The installation of generating units 
with a capacity of 2,129,000 kW is planned by which 
14 billion (14 x 10°) kWh may be produced annually. 
Of those 14 stages one has been developed, this 
being the topmost stage, at Jochenstein, on that sec- 
tion of the Danube where it forms the border between 
Austria and Bavaria. A preliminary description of 
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Jochenstein was given by the present author on page 
275 of the July, 1954, issue of WATER POWER. 

During the first World War a plan was conceived to 
erect a power plant at Wallsee, and was approved by 
the authorities in 1919 but never realised. 

In 1922 a Swiss engineer by the name of Hohn 
began to draft a new project. As the site for the plant 
the narrow passage of the Danube near the castle of 
Persenbeug on the left river bank (on the right side 
there is the village of Ybbs) was envisaged (see Fig. 3). 
In 1924 he submitted to the authorities a fully elabor- 
ated project for which the licence was granted in 1932. 
The project, however, was not carried out. 

Since that time the plan of erecting a power plant 
at Ybbs-Persenbeug was again and again revived, and 
the Hohn project was repeatedly revised and adapted 
to the latest technical developments in hydro-electric 
plant construction. During the last years of the first 
Austrian Republic, which ceased to exist in 1938, there 
was a serious business depression in the country and 
thus erection of a Danube power plant could not be 
entertained. When in 1938 the German Reich began 
to determine the destinies of Austria the Rhein-Main- 
Donau Aktiengesellschaft was entrusted with the task 
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Fig. 2. Map of the Austrian Danube showing the locations of Jochenstein, Y bbs-Persenbeug and the twelve projected power stations 


of building a power plant at Ybbs-Persenbeug. 
Bridges, railway tracks and roads were built for con- 
necting the power site with the existing railway lines 
and roads, and a cableway for the transport of build- 
ing materials across the Danube was erected as well as 
a concrete-mixing plant. In principle the Hohn project 
was retained providing for the installation of 10 Kap- 
lan turbines each of 14,500 h.p. and a power produc- 
tion of 800 million kWh per year; the maximum water 
level was to amount to 224-13 m. and the backwater 
area to be 24 km. long. 

In 1940 Arno Fischer, who advocated the erection 
of a submerged plant, took over the management of 
the Rhein-Main-Donau A.G. and in spite of serious 
warnings wished to execute the project in this manner. 
He altered the original plan to cover the installation of 
16 turbines each of 14,000 h.p. and the raising of the 
maximum water level to 225-63 m., as a result of which 
power production was to increase to one billion kWh 
and the length of the back water area to 30 km. 
Although the project was not licensed by the authori- 
ties far-reaching preparations were made for its execu- 
tion. The pit for the locks on the left river bank as well 
as the pit for the power house on the right river bank 
were cofferdammed. As a result of the war, building 
operations were discontinued in 1944 and all building 
facilities, workers’ barracks, etc., laid idle. 

The: foregoing projects for the development of a 
Danube stage at: Y bbs-Persenbeug had one great fault: 
they determined the size of the stage to be developed 
without taking heed of the requirements for a full- 
scale utilisation of the Danube by further stages. This 
was recognised, but for the time being was not further 
considered. 

When in 1945 the second Austrian Republic came 
into being the power site was declared “German 
property.” The Austrian Government was unable to 
proceed with the construction of the plant and had to 
be satisfied with preserving the building site in good 
condition. This task was entrusted to Dr. Grzywienski, 
subsequently to be appointed Professor at the Vienna 
Institute of Technology, who elaborated a new project. 

Expert circles in Austria, however, came to realise 
more and more that the Ybbs-Persenbeug project 
should not be dealt with independently but had to be 
fitted into the overall schemes for a comprehensive 
utilisation of the Danube for power production. A 
“Danube Committee” presided over by Oskar Vas 
was entrusted with their co-ordination. 

The year 1947 marks a turning point in the Austrian 
electricity industry, which was nationalised pursuant 
to the Second Nationalisation Law of March, 1947, 
which provided also for the establishment of the 
Osterreichische Donaukraftwerke Aktiengesellschaft. 
In the same year the contract concluded with Dr. 
Grzywiensky expired and was not renewed. The new 
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company elaborated a new project the characteristic 
features of which were as follows: The plant axis was 
to be oblique to the lock axis; the power house would 
be divided into two so that one-third of the capacity 
adjoined the southern wall of the lock whereas the 
other two-thirds were located in the bight of the power 
site on the right bank of the river. Under this project 
the envisaged power production was to amount to one 
billion (1 x 10°) kWh per annum. The overall plan, 
mentioned above, for the Austrian section of the 
Danube has been elaborated by this company. 

On July 17, 1953, the Soviet element declared its 
readiness to surrender the power site and to put it at 
the free disposal of the Austrian Government. and the 
way was laid open for realising the Danube power 
plant. For the Osterreichische Donaukraftwerke A.G. 
a new managing board was appointed, the members of 
which were chosen among the managing board of the 
Tauernkraftwerke A.G.,and the engineer BOhmer and 
Mr. Mosbauer are making available to the new com- 
pany their valuable experience in power-plant con- 
struction gained at Kaprun. To harmonise with the 
Danube overall scheme the Ybbs-Persenbeug project 
was once more altered, the envisaged maximum water 
level being raised to 226-20 m., resulting in an increase 
of power production.to 1,300 million kWh. 

Final drafting of the project was completed in 
December, 1953. In January, 1954, procedures and 
details of the invitation to bid in respect of the 
generating station, weir and lock were advertised. In 
September the first orders were placed and on October 
1, construction work started. 


Technical Data 
On the basis of many years’ measurements it has 
been ascertained that on 100 days per annum a 
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Fig. 4. General view of work on right bank of river, November 29, 1955 


utilisable waterflow of about 2,150 cu. m. per sec., on 
200 days of about 1,500 cu. m. per sec. and on 300 
days of about 1,050 cu. m. per sec. will be available. 
It has been decided to base the project on an expected 
waterflow of 2,100 cu. m. per sec. during 105 days in 
the year. This waterflow will be utilised by six equal 
turbines which consequently have been designed for 
350 cu. m. per sec. each. At a net head of 10-6 m. each 
turbine on full load and estimated efficiency will have 
a capacity of 43,900 h.p. or 32,300 kW at 68:2 r.p.m. 
The generators will be direct coupled and will have a 
nominal output of 45,000 kVA each, the power factor 
being 0-8 and their rated voltage 103 kV + 8% 
— 5%. Their total weight will amount to about 405 
tons each. They are expected to yield an annual power 
production of 1,274 million kWh—S5S50 million kWh 
in the winter and 724 million kWh in the summer. 

Figs. 6 and 7 show the general layout of the project 
under development, Fig. | 1 is a power-house cross sec- 
tion, and Fig. 13 is a picture of an architectural model 
of the scheme. A view of the stretch of river concerned 
appears in our titleblock, Fig. 1. Some details may 
now be given of the structures to be erected. 

The twin locks lie close to the left river bank, each 
having a usable width of 24 m. and a usable length of 
230 m. with adjoining outer basins upstream and 
downstream. The separating central wall is 10-5 m. 
thick. For the upper end mitre gates are envisaged, 
and for the lower end vertical-lift gates. The drives for 
the vertical-lift gates will be located on the three 
pillars of the lock walls whereas those for the mitre 
gates will be sunk in the crests of the lock walls. The 
gates will be operated from a control-point at the 
lower end. Filling and emptying of the chambers will 
be effected by the gates themselves. For filling one 
lock chamber 60,000 to 80,000 cu. m. of water will 
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Fig. 7. Progress of work on locks to September 20, 1955 
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Fig. 8. Weir and intake structures as at October 24, 1955 


be required. The outer basins will have a width up to 
100 m. Each of the two lock chambers can be closed 
against the head water and tailwater through stoplogs 
and thus be drained. After all weir spillways have been 
opened, the two locks will be used in the case of flood 
flows for draining off exceptional run-offs. The 
hydraulic efficiency of the locks has been proved by 
model tests. 

As mentioned before, the power house has been 
divided into a northern and a southern part. The 
northern part will adjoin the lock, whereas the 
southern part will be located in a cove on the right 
river bank, the weir being between the two sections. 
The roofs of the power houses will serve as crane 
runways and as road bridges. The transformers adjoin- 
ing the individual generators will step up the electri- 
city generated to 225 kV and will be connected to the 
open-air switchyard on the right bank by single-phase 
oil-filled cables laid in the gangways under the road- 
bridge runway. In the roofs of the power houses there 
will be haiches for mounting and assembling the 
generating units. For the interior of each part of the 
power house a 20 ton travelling crane will be provided. 

The scrollcases of the turbines can be closed against 
the headwater by stoplogs and will be completed and 
mounted by means Of,a universal crane. It will also be 
possible to seal the turbine inlets by stoplogs which 
may be let down along the pier noses in front of the 
trashracks. The turbine draft tubes may also be sealed 
against the tailwater. 

Separating piers, 15-5 m. wide, will be interposed 
between the power-house sections and the weir, and 
in these piers two auxiliary turbines each of 2,400 h.p. 
will be installed to cover the requirements of their 
respective power-house sections. A standby diesel 
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generating set will also be provided. 

The weir will consist of five waterways with a free 
width of 30 m. each. The four weir piers will each 
be 7-5 m. thick. Hook-shaped double sluice gates of a 
height of 13-5 m. will be used, the drives being 
mounted in the weir piers. Each sluice gate can be 
closed by means of stoplogs against the headwater and 
the tailwater and thus be drained. 

Model tests have aiso been used as a basis for the 
design of the weir. 

Two crane bridges and one road bridge will connect 
the two river banks. The steel bridge within the zone 
of the weir and the locks will be equipped with a 6 m. 
wide concrete track and bicycle roads. In the zones 
of the power houses the tracks will rest on the steel 
concrete supports. 

The crane bridges will serve as runways for two 
universal cranes, each having a carrying capacity of 
136 tons and a gauge of 16 m. 

An assembling bay, workshops and storing rooms 
will be built on the right river bank where also the 
control building with the switch tower for remote con- 
trol and supervision of the power houses and weir will 
be erected. 

The open-air switchyard will have a size of 70 x 
180 m. Three 220 kV overhead lines will lead off to a 
substation of the Verbundgesellschaft. 

A normal-gauge siding on the right river bank will 
connect the plant with the Austrian Federal Railroad 
system. 

The Kaplan turbines will operate under a net head 
varying between 6 m. and 14 m. At a net head of 
12-45 m. and a waterflow of 310 cu. m. per sec. their 
maximum capacity may be assessed at 34,400 kW. 
The turbines will be among the largest at present in 
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Fig. 10. South power house under construction, March 4, 1956 
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Fig. 11. Cross section through power house 


use in Europe, having a wheel diameter of 7:4 m., a net 
weight of 754 tons, and a gross weight, including all 
accessories, of about 942 tons. The desired capacity 
and frequency control will be achieved by means of an 
electro-hydraulic regulator. Load distribution will be 
effected automatically in order to obtain an optimum 
overall efficiency. Under the type of control envisaged 
not only capacity and frequency in relation to the net- 
work but also the ratio MW:Hertz, expressing the 
capacity change by which the plant counteracts a fre- 
quency change of one Hertz, may be chosen. 

The auxiliary turbines will, likewise, be of the Kap- 
lan type. 

The waste heat of the generating units will be used 
for heating the engine rooms. 

The generators, which will be of ELIN manufac- 
ture, will have a special excitation arrangement de- 
signed to avoid the disadvantages, in the case of low- 
speed vertical-shaft alternators, of the usual method of 
mounting the main and pilot exciters above the 
generator. This increases the necessary height of the 
power house, or alternatively complicates the weather- 
proof structure, and it is sometimes difficult to allow 
sufficient airgap in the exciters to allow for the flexure 
of the shaft, especially in the case of umbrella-type 
machines without an upper guide bearing. 

Excitation will therefore be derived from a 700 kW 
high-speed motor-generator set consisting of a three- 
phase 380 V motor driving a main and a pilot exciter. 
To render the arrangement self-contained the motor is 
supplied from a flat three-phase low-voltage auxiliary 
alternator mounted dkove the magnet wheel of the 
main generator, this alternator also supplying the 
essential auxiliaries for the unit. 


Construction Work and Facilities 

The building-site equipment had to be adapted to 
the existing requirements such as the quantity of con- 
crete to be poured, the earth to be removed, etc., as 
well as to local conditions. Altogether 550,000 cu. m. 
of concrete will have to be poured for the locks, weir 
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and power house and about 900,000 cu. m. of gravel 
will be required. A total quantity of 1-8 million cu. m. 
of material will have to be moved, 250,000 cu. m. 
being rock; the right bank of the Danube at this point 
consists of gravel and sand. Facilities and equipment 
for the building site include, therefore, an aggregate- 
preparation plant, two concrete-mixing plants each 
for 90 cu. m. per hour of concrete, an aggregate cable- 
way, cranes, among them one floating crane of a 
carrying capacity of 200 tons, compressor plants, 
pumping installations, rotary tower cranes, and con- 
veyors in the excavations. For handling spoil track- 
less transport is being used exclusively. Two ferries 
are available, so that the construction of a building 
bridge across the Danube did not appear necessary. 

At the time when construction work was begun in 
October, 1954, the following enclosures were avail- 
able: on the left bank the cofferdam for the locks, on 
the right bank a simple sheet piling which follows 
approximately the old course of the river bank. 

The 33 km. long backwater basin requires extensive 
reconstruction. On both river banks the areas used 
for agricultural production will be raised one metre 
above the marginal water level. existing roads on both 
river banks will have to be raised, and bridges rebuilt 
as well as river beds regulated. The slopes of the banks 
will have to be reinforced by means of rubble fill and 
stone pitching, about 150 houses will have to be re- 
built or newly erected. On the other hand, from the 
increased storage, navigation will derive various 


advantages. 

The following timing schedule is to be observed: 
Clearing of weir waterways | and 2 .. spring 1956 
Completion of construction of southern 

part of powerhouse... .. .. .. summer 1956 
Navigation through southern lock .. end 1956 
Navigation through northern lock beginning 1957 
Clearing of weir waterways 3 and 4... beginning 1957 
Partial storage (southern part of power 

house put into operation) .. .. spring 1957 


Full storage (northern part of th 
power house put into operation) .. beginning 1959 
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Although on account of the floods occurring in July, 
1955, both excavations were inundated and thus ob- 
servance of the timing schedule for 1955 was en- 
dangered, building operations had made favourable 
progress until September, 1955, and by that time 20 
per cent. of the entire quantity of concrete had already 
been poured. 


Architectural Design 

In order to find a satisfactory solution for the archi- 
tectural execution of the 
generating station, power 
house, lock and the con- 
trol building a competi- 
tion was arranged. The 
first prize was awarded to 


Project Year 


Maximum water level 


architect Karl Hauschka Length of backwater 
whose draft project will area 

e carried o “ig. 13). : 

be carried out (Fig. 13) Number of generating 
But the storage area also units 

gives rise to various prob- 

lems which cannot be  Utilisable waterflow in 
solved without the archi- a Pe 

tectural expert; new build- Capacity of turbines in 


ings have to be erected, h.p. 
aprons made for the river 
banks, land raised and 
roads executed whereby 
the power site will take 
on a new appearance. To 
develop the site in such a 
way that it will fit har- 


Power production in mil- 
lion kWh 


Estimated costs (price 
basis 1955) in million 
AS 


Costs per h.p. in AS 


moniously into the gen- 
eral character of the land- 
scape is the aim of the 
constructors of the Ybbs- 


Costs per kWh in AS 


Building time in months 
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Fig. 12. Outlet structure and draft tube, March 21, 1956 





Persenbeug power plant, the Osterreichische Donau- 
kraftwerke Aktiengesellschaft, whose headquarters 
are in Vienna. 


Construction Costs of the Project 

Total costs are given at AS 2,300 million, giving a 
cost price of AS 9,200 per horsepower and a power 
price of AS 1:77 per kWh produced annually. 

In this connection the following statement deserves 
special interest: Although since the drafting of the first 


1928 1938 1940 1946 1953 
224-13 224-13 225-63 225-63 226-20 
24 24 30 30 33 
10 & 16 6 6 
1800 1800 1936 2000 2100 
145,000 160.000 224.000 210,000 250,000 
800 800 1.000 1,000 1,300 
1.900 2,420 2,090 2.300 
13.100 10.800 9.900 9.200 
2-38 2-42 2-09 1:77 
72 - 60 96 50 
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Fig. 13. Architectural model of Karl Hauschka’'s design for Y bbs-Persenbeug 


project by the Swiss engineer Hohn in 1928 almost 30 
years have elapsed, during which Austria has experi- 
enced numerous price increases the price per kW has 
declined as is shown by the table on page 214. 

This progress is to be attributed to the higher effi- 
ciency of the machines to be installed as well as to the 
improved working methods resulting from the applica- 
tion of more efficient machinery. The application of 
improved machinery has the further effect that com- 
pared to the 1928 project the building period under 
the 1953 project has been reduced to two-thirds in 
spite of an increase of power production by more than 
50 per cent. 

Note: This article has been specially written for 
WATER PowEeR, but in its preparation the author has 
obtained valuable information from the September, 
1955, issue of OZE (Osterreichische Zeitschrift fiir 
Elektrizitatswirtschaft) which discussed the develop- 
ment from many different aspects. 


Engineers and Contractors 

Apart from the executives already indicated there 
are the following engineers of the Osterreichische 
Donaukraftwerke A.G. to be mentioned who are 
engaged in designing and constucting the hydro- 


electric plant:— ‘ 
F. Makovec: overall planning and construction. 
F. Susan: mechanical and electrical plant. 
W. Roehle: general and hydraulic steel struc- 

tures. 

R. Oktabec: storage facilities. 
R. Fenz: superintendent of weir construction. 
A. Niessner: superintendent of storage construc- 


tion work. 


1 Re oman 
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H. Schneider: general and landscape architect. 
F. Uhl: materials testing. 


The following firms are engaged in construction or 
in the manufacture and supply of plant and equip- 
ment: 


Civil-Engineering and Building Work 
Hr. Rella & Co., Vienna. 
Ed. Ast & Co., Vienna. 
Mayreder, Kraus & Co., Vienna. 
STUAG, Vienna. 
Union-Baugesellschaft, Vienna. 
“Universale” Hoch-und Tiefbau A.G., Vienna. 
Wiener Hoch- und Tiefbau G.m.b.H., Vienna. 


Bridges, Weir and Lock Gates, Cranes, Ice Aprons 
and other Steel Structures 

VOEST, Linz. 

Waagner-Biro A.G., Vienna and Graz. 

Wiener Briickenbau A.G., Vienna. 

Dortmunder Union, Dortmund. 

Krupp, Rheinhausen. 

MAN Maschinenfabrik, Augsburg-Nirnberg. 

Schiffswerft, Korneuburg. 

Schiffswerft, Linz. 


Mechanical and Electrical Equipment 
J. M. Voith, Heidenheim (Brenz). 
J. M. Voith, St. Pdlten. 
Escher Wyss, Ziirich. 
Masch. Fabrik Andritz, Graz-Andritz. 
ELIN A.G., Vienna. 
Ansaldo-San Giorgio, Genoa. 
VOEST, Linz. 
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Calculating Flow through Turbines 






Sigfrid Andersson presents an analytical method for calculating 

the volume of water passing through the turbines at a power 

station and a Statistical investigation of the degree of accuracy 

obtainable when drawing and planimetring curves used in 
conjunction with his method 


PART 


N this article, only the so-called point method of 

using hydraulic current meters will be considered, 

as this is the method most often practised in 
Europe, and is probably more accurate than other 
known methods which might be used in similar condi- 
tions. 

It is assumed that measurement is made in a 
rectangular opening, but measurement can also be 
made in a circular opening or area, as in the case of a 
penstock, when a rod carrying the current meters is 
turned round the centre at a constant rate. Actually 
when used in a penstock the method is mathematically 
correct, whereas this is not so when it is used in a 
rectangular opening, for in the latter case the current 
meters cannot run right up against either the upper or 
lower edge of the opening. A relatively simple analyti- 
cal expression can also be obtained for both point and 
integration measurement when the method is used in 
a penstock. This will be treated in a future article. 
The author also assumes that the reader is acquainted 
with the actual measuring procedure and thus only the 
method of treating the results will be given here. 

The method probably most used when the aim is to 
get the greatest possible accuracy in calculating the 
measured values, is to obtain the velocity vectors v,, 
Var Vs from the current-meter calibration curves 
or tables made from the curves. The velocity vectors 
are then joined by curves and by planimetring the sur- 
face below the horizontal curves an average velocity 
vector can be determined for each curve, from which 
the resulting curve of vertical vectors can be obtained. 
In the same way a new average velocity vector vy 
applicable to the whole measuring area may be deter- 
mined. This method of calculation obviously involves 
much tiring work, especially when it is considered that 
the determination of the efficiency and combination 
curves for a Kaplan turbine takes about 30 tests, each 
one involving 50 to 150 measurements. To avoid this 
work it would seem reasonable to design a counting 
apparatus capable of recording the water flow Q 
direct. The question is, could such an instrument be 
manufactured at a reasonable price, and would it be 
a suitable instrument for the field ? A disadvantage of 
such an instrument is that it must have a counter and 
chronograph—or possibly only a chronograph for 
each current meter—in order to be able to ensure 
that the meter is not giving faulty readings due to 
swirls, contact faults, etc. However, the work can be 
considerably simplified by means of a counting dia- 
gram which can be drawn beforehand, so that the time 
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to determine Q can be limited to approximately 1/20 
of the time required to draw the curves and planimeter 
them. Such a counting diagram, although not com- 
pleted, may be found in “ Normen fiir Wassermes- 
sungen aufgestellt vom Schweizerischen Ingenieur und 
Architekten-Verein, 1924.” 

Only the rectangle method has been used in this 
work. As a result, the value of water volume obtained 
in practice is too great. because most velocity profiles 
(with a few exceptions) are convex in the direction of 
flow unless specially designed measuring nozzles are 
used. “Der Genauigkeitsgrad von Fliigelmessungen 
bei Wasserkraftanlagen vom Prof. Dr. Ing. A. Staus, 
1926,” mentions that numerical calculation using the 
Tschebyscheff integration formula has been used by 
American manufacturers. Dr. Staus states, however, 
that he is unacquainted with the degree of accuracy 
obtained when compared with other analytical or 
planimetring methods; furthermore, the division of 
the current meters as laid down by this formula is par- 
ticularly inappropriate, especially for m = 6 current 
meters (nor can it be used for m = 8). The use of a 
counting diagram also has the advantage that by 
numerical control one can quickly ascertain the cor- 
rectness of the estimated result. Thus there is no need 
for tiresome and possibly incorrect tabulation which 
is often the consequence when replanimetrations have 
been made for the sake of numerical control. It is also 
a great advantage to be able to fix the turbine effi- 
ciency as exactly as possible while the equipment and 
the personnel are still available on the test site, for if 
any retesting work should be required, it can be done 
immediately. 

In the preparation of this counting diagram, the 
chord trapezium method has been principally used; 
it has been corrected by two-thirds of the difference 
between the tangent and the chord trapezium. The 
adjustment of two-thirds has been arrived at from 
experience. Latterly Professor C. G. H. Esseen of The 
Royal Institute of Technology in Stockholm has 
drawn the writer’s attention to the fact that this co- 
efficient is the best that can be used and that the 
formula is now the same as the Euler-Maclaurin 
formula, with only the first correction term (see “ The 
Calculus of Observations ” by Sir Edmund Whittaker 
and G. Robinson, Blackie & Son Limited, London and 
Glasgow, page 135). The areas adjacent to the walls, 
i.c., from points 2 and 7 to the wall, have been in- 
cluded below a parabolic curve by extrapolating the 
curve to the wall. 
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A deduction from the formula may be made as 
follows: 
If m = number of current meters 

and p = number of horizontals 
then F + F, + Fy, = vn (m - 3)x + 18x 

=(m - 1:2) xvm ...(1) 
| x (05 v, + Vs + Vy + Vs + Ve 

+ 0°5 v,) ...(2) 

F rangent = X(Vs + Vg + Vs + Ve) + 0°5 x(v, + v,) 


0-5? x? 
2 
A parabola v = a + bX + cX? is laid through y,, v, 
and v,; from which a, and F, can then be estimated 
as follows:— 
ForX =0  weobtainv, = a ...(4) 
X=O06x. . v,=a+b06x 
+ c0°36x° ...(5) 
X=36z. . %=e+516z 
+ ¢2°56x* ...(6) 
From these equations b and c are calculated as 
follows:— 


4. 





(tana, + tana;) 


pb = — 35% + Hy, - 9, (7) 


c a a é ...(8) 

dv 
—- =—b+ 2cX 

dx . 
For X = 0-6 x is obtained 
dv 
: L 0-6 x =e 
1X b + 2c0-6x = tana, 


~ 55v, + 64v, - 9v, 
tana, ——< sammie oer 
l 


; 25v 6v, + 9v, oats 
as v, + 16v, + 9v,) (9) 





fana, = 


Similarly tana, is obtained by changing the indices 1, 
2 and 3 for 8, 7 and 6 respectively. 





tana, = =,— (- 25v, + 16v, + 9v,) ...(10) 
24x 
oe Frangenr = X(OSv. + Vs + Vy + V5 + ¥_ + O-Sv,) 4 
25 x 
ie i. 25v, + lov, + 9v, + 9v, 
+ 16v, -— 25v,) 
a P tenacai 7 ( 25v, + 112v, a 201v, T 192v, 


+ 192v, + 20lv, + 112v, 25v,) ooQ EE) 
The term for Fio,« is extended by 192 in order to get 
the same denominator as for Frangens. 


* Ferera = 57 (96: + 192v, + 192v, + 192, + 192¥, 
+ 96y,) ...(12) 
The correction for F.),4 is now obtained from the 
following:— 
io] 
AF == (Frencen — Ferora) 
4 F = +5, (- 1666666v, + 10:66666v, + 6v, + 6y, 
10:66666v, — 16°66666r,) 
a sh x ’ , 
P= Pow F = 755 (- 16:66666y, 


+ 106°66666 v. + 198v, + 192y, 
+ 192v, + 198v, + 106°66666v, 16666661.) 
ek 
The areas F, and F, are limited by the parabola 
previously drawn and are obtained by means of in- 
tegration 
0-6x 


F, | (a+ bX + eX*)dX 
_ 03x 


TaBLeE I—Basic DIAGRAM FOR WATER VOLUME MEASUREMENT 


A 
Q= (m — 1:2) (p — al 


water volume in cu. m./sec. 

measuring area in sq. m. + 0°459 + 0°609 
number of current meters 

number of horizontals 


O-3 Ya > + 0-607 + 0-805 
wr 
3} 


ae 






r + 0°588 + 0-781 
>» 
Y 





ar daa dead te 


+ 0°346 +0-459 +0607 +0:588+ +0588 + 0-607 +0:459 + 0°346 


+0805 +0°781+ +0:781 + 0-805 + 0°609 +0°459 


+1063 +1:031+4 + 1-031 + 1:063 + 0-805 +0°607 


+ 1-031 + 1-000 4 + 1-000 + 1:031 +0°781 +0°588 


O-62%> 0-32 + 0-588 + 0-781 + 1-031 + 1-000 + + 1-000 + 1-031 +0:781 +0°588 


The diagram is applicable to m 
and p = 6 according to the divi- 
sion above. For each constant in + 9°607 + 0°805 
the diagram, the equation of the 
bn 
t 
is entered; then the friction con- 
stant a is multiplied here and 
removed outside the bracket to be 


relative current meter v = a + 


+1063 +1:031+ + 1031 + 1:063 + 0-805 + 0-607 


+ 0-459 + 0-609 +0°805 +0°781+ + 0-781 + 0-805 + 0:609 +0°459 


represented as a constant water 0-346 +0459 + 0-607 + 0-588 4 + 0-588 +0607 +0459 + 0346] 


volume 4qu. 
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F,=a(06 x + 03 x) + (0-36 x? -— 0-09 x?) 


= 0-216 x® + 0-027 x’) 


0-9 ax + 0135 bx* + 0-081 cx® 
’ 0-135 x 
F.=09 z ¥v, + 74 (-—55v, + 64v, 9v,) 
} a ~ (Sv, - 8v, + 3v,) by substituting (4, 7, 8). 
From which we obtain the following: 

X6190-6y 4 43-Ov \ 
F, = 755(129-6v, + 43-2v,) (14) 
F. by changing the indices 
‘ Xx ‘ 
F, 197 (129°6v, + 43-2v,) ...(15) 
The average velocity vector v,, may now be caiculated 
from (1) as follows: 
y 4 F, T F, 
(m — 1:2)x 
— ; 13) (0'58819v, + 0-780S6v, + 1-03125v 
1-00000v, + 1:00000v, + 1-03125y, 
0-78056v, + 0-58819v,) ...(16) 


The same division is used for the horizontals, and 
therefore a similar formula is used vertically. The 
average velocity vectors of the horizontals 1, 2, 3, 4, 
5, 6, 7 and 8 are indicated by v'm, V’m, Vm, etc. The 
resulting average velocity vectors for the whole 
measuring area will then be 
Ms (0-58819v',, + 0-78056v",, + 1:03125v*, 
1-00000v*,, + 1:00000v°,, + 1:03125v°, 
+ 0:78056v'», + 0-58819v°,,) ee 
The average velocity vectors of the horizontals are 
now inserted in formula 17. In view of space con- 
siderations only a quarter of the diagram, which will 
be double-symmetrical, is written out. Furthermore, 
the symbols of the velocity vectors are left out. 
l 
te go [Dp 73] 058819 (058819 
+ 078056 + 1:03125 + 1-00000 + 
+ 0:78056 (058819 + 0-78056 
+ 103125 + 1-00000 
103125 (0-58819 + 0-78056 
+ 103125 + 1-00000 
100000 (0-58819 + 0-78056 
103125 + 1-00000 


After multiplication of the coefficients and insertion 
of the measuring area A, the fundamental diagram for 
the water volume Q is obtained as shown in Table I, 
where the numerical values have been rounded off to 
three places of decimals. An example of a counting 
diagram is shown in Table II. This diagram is applic- 
able to 12 current meters and eight horizontals. As 
each current meter runs in its own column, its lifting 
constant b can be removed; then, for instance, by 
means of the fully automatic Swedish calculating 
machine “ Facit,” we can obtain the sum of the pro- 
ducts in each column directly, whereupon the * ~ 
column” is noted; then these are multiplied by the 
current-meter constants and entered in the “ X column 

b”; finally, all the “ column x 5b” are added 
up and entered in the formula for Q. The figures in 
“X column x 6b” could possibly be ignored and in- 
stead added directly on the machine. This is certainl\ 


> 
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> 


Gate opening 
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Runner opening 
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POWER STATION 


Vu 


Zz 
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~ 
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TaBLe III—Basic DIAGRAM FOR WATER VOLUME 


A 


Q on reel 0-637 +0-846 


water volume in cu. m./sec. 
measuring area in sq. m. 
number of current meters 
number of horizontals 


0-5 Wr 
<s 


+ 0-683 


+0°813 











+0-588 +0°781 











= 
+ 





a oe 

















M4 DOPE SCP oe 
O6rr O38 +0588. +0-781 
The diagram is applicable to m 

and p > 6 according to the divi- 

sion above. For each constant in 

the diagram, the equation of the 


+0613 +0°813 
n 

relative current meter v = a + e 

is entered; then the friction con- + 0-683 

stant a is multiplied here and 

removed outside the bracket to be 

represented as a constant water 


volume 4qi. + 0°846 


+ 0°637 
preferable when the operator is used to handling a cal- 
culating machine, for in actual fact the noting of the 
numerical values takes the main part of the total cal- 
culation time and should therefore be reduced as much 
as possible. 

The small water volumes represented by the fric- 
tion constants a, and which have been given the sym- 
4bol, gi, are constant for all tests and can be calcu- 


TABLE IV—WaTER VOLUME 


Date 

Time 

Running period sec. 

Current meter No. 8245 
8246 
0:637 
0-515 
0-613 
0-588 
0-588 

VI 0-613 

Vil 0-515 

VIII 0-637 


8238 

8243 
+ 1117 
+ 0-902 
+ 1:074 
+ 1-031 
+ 1-031 
+ 1-074 
+ 0-902 
+1117 


8240 
8249 

+ 0°846 
+ 0-683 
+0°813 
+0-781 
+0°781 
'+0°813 
+ 0°683 
+0°846 


~ 
Average rising b| 0-2472 0°2509 0:2516 
~ column 
~column x b 


AS Xcolumn x b 


a —_— 4a, 


Qeorr aon Q t Aq, 
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+1117 


+ 1:031 


+ 1-031 


+ 1:074 


+ 0-902 


ca i 


MEASUREMENT AT 


8236 

8244 
+ 1-083 
+ 0-875 
+ 1-042 
+ 1-000 
+ 1-000 
+ 1-042 
+ 0°875 
+ 1:083 


0:2497 


MEASUREMENT (DoUBLE CURRENT RODS) 


+ 1:083 + +1083 +1117 +0°846 


+0°875 


+ 1:042 + + 1-074 


+ 1000 + +1:000 +1-:031 +0-781 


+ 1-000 + + 1-000 


+ 1-042 + +0613 


+ 0875 + 0-683 


+ 1-083 + +1083 +1:117 +0846 + 0637] 
lated quite simply by multiplying the sum of the con- 
stants for each column by the respective friction con- 
stant as before. If double current-meter rods are used, 
the number of horizontals must be even because two 
current meters will then run in each column. The two 
current meters in the respective columns ought to be 
paired, so that the lifting constants become as nearly 


equal as possible, and in fact an average lifting con- 


. PoweR STATION 
Test No. 
Runner opening 
Gate opening 
8242 
8248 
+ 0-637 
+ 0-515 
+0613 
+ 0-588 
+ 0-588 
+ 0-613 
+0°515 
+ 0-637 


8239 

8241 
+ 0°846 
+ 0-683 
+ 0-813 
+0°781 
+ 0-781 
+ 0-813 
+ 0-683 
+ 0-846 


8237 

8247 
+ 1-117 
+ 0-902 
+ 1-074 
+ 1-031 
+ 1-031 
+ 1-074 
+ 0-902 
+ 1°117 


0:2486 0:2493 0:2528 


Aq, = 
4q. = 








stant should be calculated. Once this is done, the 
current-meter pairs for which the lifting constants 
differ most should be placed at the terminal positions, 
because they are then in that portion of the measur- 
ing area which has least effect on the result, and con- 
sequently cause the least possible error. Also, when 
using double current meters it is necessary to place 
the upper and the lower horizontals at a distance of 
0-Sy instead of 0-3y from the wall. It is also desirable 
that 0-S5y should not be appreciably greater than 0-3.x. 
As a result of this use of double current meters there 
will be more horizontals, which is disadvantageous 
from a time point of view, but we need not attach too 
much importance to this, because by using double 
current-meter rods the total time to carry out a test 
is reduced by nearly half. A greater number of 
measuring points also helps to cancel out the varia- 
tions in water flow, so that the total measuring time 
per horizontal can be reduced to a certain limiting 
value. A basic diagram using double-current meter 
rods is shown in Table III, and a practical example 
applicable to 14 current meters and eight horizontals 
may be found in Table IV. 


The symbol 4 q, refers to the so-called edge correc- 
tion caused by the reduction of the water velocity in 
the zone next to the boundaries of the measuring area. 
This can be simply calculated by using a formula 
drawn up by the Vattenbyggnadsbyran, Stockholm 

It is not possible to use this term in the calculating 
diagram, but it can be replaced by a more approxi- 
mate one which is probably quite sufficient from an 
accuracy point of view if the boundaries of all 
measuring areas have about the same length in the 
direction of flow. However, it is usual for intakes and 
specially designed measuring nozzles (the latter often 
used in Sweden) to vary in length in the direction of 
flow; in this case, the insertion of the approximate 
edge correction in the calculating diagram may some- 
times give rise to doubts as to why this simplification, 
which in fact is not very important, has been omitted. 

It will be clear from the fact that the vertical lines 
between the three outside lines are equal, that the 
diagram is applicable to an optional number of cur- 
rent meters from six upwards. The same also applies 
to the horizontals. 

(To be continued) 





The Snowy Mountains Scheme 


The Snowy Mountains scheme is such a mighty 
undertaking that no single paper could hope to deal 
with it exhaustively, but Mr. C. M. Gray, Senior Re- 
presentative of the Department of National Develop- 
ment, Commonwealth of Australia, succeeded in 
presenting an admirable summary of it in a paper he 
presented a month ago to The Royal Society of Arts. 
Mr. Gray was concerned mainly with the significance 
of the scheme in the Australian economy and with an 
account of the progress made to date, and to leave 
himself scope in this direction he contented himself 
with a bare outline of the technical details of the 
scheme, relegating fuller description to an appendix.* 

Mr. Gray commenced by stressing the dual-purpose 
nature of the scheme, for Australia’s economy depends 
both on ample irrigation and on ample reserves of 
power. He estimated that the additional agricultural 
production that would be made possible by irriga- 
tion from the Snowy scheme would be worth ulti- 
mately about £A25 million. From the power stand- 
point the scheme would have an ultimate capacity of 
about 3,000 MW and would act primarily as a source 
of peak-load supply for the States of New South Wales 
and Victoria to supplement the base loads carried by 
thermal stations, although it would also act as a base- 
load reserve in emergency. 

An interesting comparison between Snowy and two 
other great Commonwealth schemes—Kitimat and 
Kariba—showed that the Snowy scheme was of about 
twice the capacity of either of the others and was 
much the most complex, due to the need to harness 
the various streams almost at their sources. 

Basically, the scheme consists of diverting the 
waters of the Snowy River from the well-watered 
eastern flank of the Australian Alps through the 
watershed to the Murray and the Murrumbidgee, 
which flow through the comparatively arid regions 


Snowy Mountains scheme was given in 


description of the 
and June, 1953 


April, May 


* A full 
Water Power, 


220 


of central and southern Australia. It is divided, there- 
fore,into two main developments—the Snowy-Murray 
and the Snowy-Tumut, the Tumut being a tributary 
of the Murrumbidgee. 

The 60 MW Guthega station, in the Snowy-Murray 
development, was now in operation, and activity was 
now centred in the Snowy-Tumut development. Works 
in hand included the Adaminaby dam, the 14 mile 
Eucumbene-Tumut diversion tunnel, a concrete arch 
dam on the Upper Tumut River, and the T1 power 
station together with a 14 mile pressure tunnel and a 
} mile tailrace tunnel. Next on the programme was the 
Tooma diversion, and the T2 station was being 
planned. 

Mr. Gray also had some interesting things to say 
about the system of Commonwealth-State co-opera- 
tion under which the scheme had developed, and 
about the magnitude of the initial task of surveying 
and establishing access to the area and of setting up 
the necessary technical organisation. 


Voith, Forschung und Konstruktion (Research and 
Design). The first issue to hand of this new publication 
of the J. M. Voith concern, Heidenheim/Brenz, 
contains a series of articles of the highest interest. 
among which we should like to mention: “ Vertical or 
Horizontal shaft in Storage Pumping Sets,” by F. 
Hartmann; “A Contribution to the Study of the 
Hydraulic Behaviour of Kaplan Turbines” (run-of- 
river plants only are considered), by R. D2ziallas: 
“Considerations on Flow Measurements in Kaplan 
Turbines,” by W. Thuss; “ Bearings, Regulation Com- 
ponents and their Lubrication in Water Turbines,” by 
L. Meissner; “Investigating the Critical Speed in a 
Kaplan Turbine-A.C. Generator-Exciter Set,” by S. 
Weiss: “Significance of the Radial Velocity com- 
ponents of Water in Kaplan Turbines,” by M. 
Strscheletzky; “Modern Kaplan Turbines,” by L. 
Meissner; “ Application of Turbines to the Aeration 
and Oxygenation of River Water,” by H. Wagner 


WATER POWER June 1956 





‘C. 


ila 
ng 


an 
all 
ihe 
ind 
ten 
of 
ate 
1e- 
yn, 


1es 


nd 
yn 
IZ, 
st. 
or 


he 
yf- 





Tidal Power 


Dr.-Ing. Gerhard Wickert, Dortmund, Dozent at the Technical 

University, Karlsruhe, outlines the fundamentals of tidal 

power, and reviews current trends in the design of turbines 
and civil-engineering structures suitable for this service 


PART ONE 


O the seashore dweller the ebb and flow of tides 

is a familiar phenomenon of nature. Tides are, as 

it were, the breathing of the sea, the pulse of the 
cosmos, which gives life to the oceans of the world and 
sets them in motion; and, since the remotest ages, this 
mystery has haunted the mind of man and stimulated 
his heart and brain to meditate and search. 

The cosmic potential which manifests itself in the 
tides is so immense that, in comparison, the totality 
of the energy won up to the present from water 
appears trivial. A rough computation proceeding from 
a mean tide height of 0-7 m. arrives at an aggregate 
total output of some 54,000 million h.p., whereas the 
possible output of the continental water resources of 
the whole world does not exceed 7,600 million h.p. 

-a mere seventh of the tidal potential. 

Attempts to utilise the potential and kinetic energy 
offered by the perennial rhythm of ebb and flow goes 
very far back in history. We meet with the first in- 
stance of a practical realisation of the problem on a 
very small scale in the shape of the so-called tide mills, 
which made their appearance as early as the eleventh 
century. Grinding corn or gypsum, or sawing timber, 
these were floating contraptions in which an undershot 
waterwheel utilised only the kinetic energy of the tidal 
flow. The oldest work on the utilisation of tides was 
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Fig. 1 (above). Cycle diagram for 
a two-way single-basin plant 


Fig. 2 (left). One-way tubular tur- 
bine for the Castet plant 


written in 1438 by the Italian 
Mariano, of Siena, and includes, 
in addition to sketches, construc- 
tional hints. Brooklyn still boasts 
today of one of these tide mills 
built in 1617 by Dutch colonists 
after the plans of another Italian, 
Veranzio. Upon the advent of the 
steam engine, the interest in tide 
mills soon vanished, and the prob- 
lem of tidal power did not re- 
emerge earlier than in the twentieth 
century. In 1912, the German en- 
gineer Pein made some stir with his 
proposal to set up a tidal power 
plant at a particularly favourable 
spot on the North Sea coast. In 
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Fig. 3. Longitudinal section of two-way tubular turbine 


Great Britain, a few years after World War I, prelimin- 
ary projects came out for the Severn, followed by 
schemes for two tidal plants in the vicinity of Liver- 
pool. In France as well, the import of this heretofore 
untapped source of energy was promptly recognised, 
and suggestions were made to harness tides to power 
generation with the help of the technical means avail- 
able at the time. The first major project, also worked 
out after World War I, is based on the very favourable 
conditions obtaining in the Bay of Rotheneuf at Cape 
Bénard. Subsequently, all these tidal schemes sank 
more or less into oblivion, and it appeared from 
various publications on the subject that an economical 
harnessing of tides to power generation was still very 
far away. 

This brief historical survey is proof enough that 
some significance had been granted at an early junc- 
ture to the problem of tidal power, and at the present 
period of intensive search for new sources of energy, it 
is perfectly natural that we should endeavour anew to 
bring the problem to a satisfactory solution. After all, 
as proved by the evolution of public and industrial 
consumption during the past 40 years, the saturation 
point of energy requirements is still very far ahead. 
To mention Western Germany only, it is expected that 
her present needs will double within the next ten 
years, and this may well apply to the rest of the world. 


97°79 


With numerous harnessable rivers already devel- 
oped to the full and the increasing scarcity of con- 
venient sites for the setting up of further medium and 
high-head plants, with thermal plants paying now for 
their coal four times as much as in 1939 and hardly 
able to improve their efficiency, and with the economi- 
cal production of atomic power still very far distant. 
conditions are veering more and more in favour of 
tidal power. 

A closer investigation of the possibility of harness- 
ing tidal power reveals an amazing multiplicity of 
overlapping problems for which practical solutions are 
by no means as simple as appears at first sight. Fur- 
ther, traditional hydro-electric practice applies only 
conditionally to tidal plants, in the working of which, 
cosmic forces intervene to a very wide extent. We 
must therefore realise that no economical and practical 
solution of the problem can be arrived at without a 
close co-operation of the astronomer with the hydro- 
grapher, and of the hydraulic with the mechanical and 
electrical engineer, not to mention the economist. 

To what extent can we harness tidal energy ? Since 
velocities of tidal flow, however high the tide, are 
always very small, the utilisation of the kinetic energ) 
of tides would hardly be worth while; we shall there- 
fore restrict our investigation to the exploitation of 
potential energy only. 
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One-way Operating Tidal Plant 

Let us consider the case of a basin separated from 
the sea by a dam, the water level in the basin follow- 
ing the rise and fall of the sea, and let us cali H the 
tide height, and V the capacity of the basin at the 
corresponding water level. For a basin area S(z) as a 
dependent variable of water level z in the basin, the 
work performed during the emptying period will be 


E';, = i |, wS(z)edz 


and during the or - a 
E"', — [" y5(z) (A - 
J 2=0 


emptying and filling the basin occurring necessarily 
within a tide interval during which the level of the 
sea rises from 0 to H. The available energy capacity 
during a whole tidal cycle would then be 


H 
E', + Ey = Eou = yH | _, SieMdz = yHV» «..3) 


Actually, however, the practically utilisable energy 
is but a fraction of the above ideal value, so that the 
theoretical extent to which the energy capacity can be 
utilised is limited to 
E, = dyHV, where 6<1 
With the help of artificial means, however, it is pos- 
sible to arrive at a much higher degree of utilisation. 
As soon as the rising tide reaches its highest point, 
sluice gates in the dam are opened to admit water at 
high velocity into the empty basin, and subsequently 
closed as soon as the basin is filled. Taking into 
account the surges occurring in the basin while being 
filled, test models have established that a storage 
level of 1-5H can easily be attained. Theoretical con- 
siderations point out to a value of 2H in the instance 
of a channel trapezoidal in cross-section; as however 
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Fig. 4. Diagrammatic arrangement of two-runner 
turbine-pump 

















Fig. 5. Double-admission entry chamber for vertical 
Kaplan turbine 
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there is no energy generation during the filling period, 
the possible energy output can only relate to the 
emptying period, that is to say to the ebb half of the 
tidal cycle, and we obtain 

Extn = hy S(2H)* = 2yHV ;, Cece cece eec cee cceeeeseeeeeees (5) 

Therefore, in the most favourable instance and with 
the surges being utilised to the full, twice as much 
energy can be produced as would normally be possible 
on the basis of the available tide height. 

The above considerations apply exclusively to 
plants operating with turbines only, and utilisation 
possibilities are substantially modified by the addi- 
tion of a pumping system. If, for instance, we have to 
deal with the case of a one-way plant operating with 
turbines and pumps, then we may have, in addition 
to the main basin, an auxiliary basin F(z) (x = HA) 
with its bottom lying at the level of tide height H. 
While the incoming tide fills the main basin, the 
pumps coupled to the turbines lift water into the 
auxiliary basin to level B. If the turbines and pumps 
are of equal capacity, we then have 


Js - z)dz + | ats yF(z - 


and if we express the pumped volume of water by V,, 
equation (6) expands to 


H B 
Rca / ySzdz + r yFadz = yH(V, + Vid), 
z=0 - 


the theoretical energy nieed during the ebb period 
by the water flowing out of the two basins being thus 
greater by yHV, than in the case (3) of a plant oper- 
ating with turbines only. 


Two-Way Operating Plant 

In a plant operating with double-admission turbines 
and two-way pumping, and in the general case of a 
single basin without higher auxiliary basin, the pumps 
drawing their power from the network, we have the 
following four phases:— 

(a) The water level in the basin, equal to low water 
level, being further lowered to - B by pumping, the 
pumps will draw from the network 


rP—B . 
Ess / MEME ccwiaxpuncacdesnsecree (8) 


(b) The rising tide fills the basin, and the energy 
output of the turbine is 


H 
Ke, / yS(z)(H - z)dz ....ceceeeee (9) 
=—B 


(c) Upon high water level being reached, the pumps 
raise the water level in the basin to level C with an 
energy consumption of 


rc 
gi. =| _, WSU) (e - Hdz 


(d) The turbines utilise the water in the basin down 
to level 0, during which period their energy output is 


= 
Ex, = / yS(z)(Z — A)AZ .......e econ (11) 
z=0 


This, after deduction of the requirements of the 
pumps, leaves for an operating cycle an energy pro- 


duction of 
Ben Me, + Bs Ke - Be =H fo 


; yH(V;, + V,, + V yo) 
Therefore, if turbines and pumps operate at both 
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flow and ebb periods, the energy gain to be expected 
amounts to 
YH (V,, + Vos) 
as against turbines exclusively in operation (Eq. 3) and 
yHV,. 
in the case of one-way pumps delivering into a higher 
auxiliary basin. 

The judicious selection of the sea-dam site in a bay 
or estuary makes it possible, by taking advantage of 
resonance, to increase the tide range during a tidal 
cycle, since each basin has a natural frequency of its 
own depending on its size and proportions. In a basin 
of a length of / metres, with a rectangular cross- 
section and a depth ¢, the natural frequency is ex- 
pressed by T = 2//¥V gt. When the natural frequency of 
the basin approaches the frequency of the tide, the 
tidal impulses which set the water in the basin into 
oscillation are reinforced. There is then the possibility, 
as proved by computation, of tide-range increases up 
to 10 per cent. 


Types of Tidal Developments 

Among the various basin systems, such as one-way 
or two-way single basin, single basin with auxiliary 
basin, two basins operating together or separately, 
three basins with intermediate chamber, Defour’s three- 
basin system, and others, the two-way operating single- 
basin development, thanks to the advance of turbine- 
pumps, offers an economically satisfactory solution. 
In this system a basin of appropriate size separated 
from the sea by a dam, fills and empties solely through 
the power house. As, in contrast to other systems, 
no additional sluice-gates or intermediate dams are 
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Fig. 6. Perspective view of tidal power house showing one of the two-runner turbine-pump units 















































required, this considerably simplifies the construction. 
and the plant can be operated much more easily. Once 
the high tide begins to fall and the level of the water 
in the basin stands above sea level (Fig. 1, condition 
a), the turbines are started as soon as the required 
head is available (point 1), and pass the water of the 
basin down to a minimum level (point 2). By adjust- 
ing the guide and runner vanes, the turbine runs idle 
(condition v), the water continues to run out of the 
basin, and, subsequently, the turbine operates as a 
pump, the water level in the basin sinking below sea 
level (condition p). Following a waiting period (condi- 
tion a'), during which the direction of the flow is re- 
versed and the flood tide starts afresh, the turbines, 
operating under !oad from the sea side (condition f'). 
utilise the head available to point 4. After a period of 
idle running (v'), and the subsequent pumping (p') 
and a waiting period (a), the working cycle begins 
again. 

In the case of a single-basin system operating with 
turbine-pumps, the periodical fluctuations of the level 
of the sea bring about in each tidal cycle two periods 
during which there is no energy production (Fig. 
1). There are various methods of output equalisa- 
tion, such as multi-basin systems, retaining basins, 
co-ordination of a group of tidal plants operating at 
staggered high-water periods, pneumatic, thermal or 
electric accumulation, but their practical application is 
restricted to a few exceptional instances, and they are 
mentioned here just for the sake of completeness. If 
the plant is connected to a grid, it then operates in the 
same way as a run-of-river development to cover part 
of the firm load. Since the cause of ebb and flow is of 
an astronomic nature. their progress and, con- 
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sequently, the possible output of tidal plants, can be 
computed years in advance with great accuracy, and 
the organic incorporation of a tidal plant in a grid 
only requires the setting up of a timetable and central 
control point. Steep coasts frequently offer the possi- 
bility of adding a storage pumping station to the tidal 
power plant, thus creating an equalisation of output 
within the co-ordinated group of plants. A rational 
control of the supply of power water to the turbines 
or its return to the basin by pumping will improve the 
output of either the power house or the pumping plant, 
according as the running period of one or the other 
coincides with the main load period of the grid. 

The conditions to be met by tidal turbines differ 
essentially in some respects frem those obtaining for 
run-of-river turbines operating on inland waters. In 
consequence, the types of turbines generally used in 
run-of-river plants are not fully suitable for tidal 
duties. The turbine shaft can be either horizontal, as 
in the tubular turbine, or vertical. The tubular turbine 
has the advantage of a favourable flow both at entry 
and exit, resulting not only in better discharge condi- 
tions but also in lower costs. Leaving aside a survey 
of the evolution of this turbine type, the author pro- 
poses to deal here only with the most recent designs. 

The latest plant equipped with tubular turbines is 
the Castet power station in the French Pyrenees. These 
units are of the single-discharge type, operating purely 
as turbines and not as turbine-pumps, but they pre- 
sent the remarkable feature of an uncommonly small 
size. In fact, at Castet, the weight of a complete 
generating unit (turbine plus generator) is a mere fifth 
of that of a set of the same capacity driven by a stan- 
dard vertical-shaft Kaplan turbine. The erection of 
the Castet generating sets required only a few hours 
per unit, turbine and generator forming a self-con- 
tained unit. Dismantling is even quicker so that repairs 
can easily be carried out during the interval between 
two peak periods (see Fig. 2). 

In Fig. 3, we have the double-discharge type of tur- 
bine designed and model-tested by the Escher-Wyss 
concern, in which two sets of movable guide vanes, 


M.A.N. Documentary Film 


One of the finest documentary films we have seen 
has been prepared by M.A.N. (Maschinenfabrik 
Augsberg-Nirnberg), and the English version, for 
sight of which we were indebted to W. Wykeham & 
Co. Ltd., had been provided with a commentary in 
perfectly spoken English. The film, which was in 
colour, showed how mankind is indebted to engineer- 
ing in a bewildering variety of ways, and the fact that 
the bewildering variety of steel products portrayed had 
all been made by the M.A.N. organisation was con- 
veyed so unobtrusively and with such good taste that 
the impression left on us was simply one of delight. 
Our own particular interest, of course, lay in the 
hydraulic steel structures that this firm has contri- 
buted to so many hydro-electric schemes, but to single 
this out from such a galaxy of interesting things seems 
little short of churlish. We congratulate the M.A.N. 
organisation on so fascinating a production. 


Sealing Compounds. A leaflet from Expandite Limited 
gives a list of the many sealing and caulking com- 
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fitted one on either side of the runner, regulate admis- 
sion to the latter; at an appropriate position of the 
vanes, this turbine can also act as a pump. 

The type introduced by the Maier Engineering 
Works and A. Fischer (Figs. 4 and 6) is an adjustable 
two-wheel turbine-pump, also operating in either 
direction of the flow as a turbine or a pump, as re- 
quired. The turbine-pump and its hydraulically 
coupled generator are enclosed in a cylindrical tube 
widening at one end to a bulb-shaped section designed 
in accordance with wind-tunnel tests. The respective 
duties of the guide vane and runner are fulfilled either 
by the front or by the rear wheel according to the 
direction of the flow. These have adjustable and re- 
versible vanes, and can be thrown in or out indepen- 
dently of each other. At a given position of the vanes, 
it is even possible to stop the flow through the turbine 
altogether. Determining the correct shape of the 
blades in this type of turbine-pump proved a diffi- 
cult proposition, since, at normal turbine operation, 
it is the front of the blade which is acted upon by the 
flow, and at pumping periods, the back. Separation 
of the water-layer from the guide vanes and cavita- 
tion at the runner occurred to some extent during the 
initial tests, but practically disappeared after some 
improvements had been made in the construction of 
the model turbine. 

In vertical-shaft turbines, conditions are much more 
complex. If we take, for instance, a Kaplan turbine 
with alternate flow admission from two directions, the 
inlet half-scroll common to most low-head plants is 
ruled out, owing to its asymmetric form, but even a 
heart-shaped symmetrical inlet would not substantially 
improve flow conditions. The adoption of an inlet 
chamber has the advantage of leading the flow to the 
guide vanes symmetrically in either direction; if the 
flow velocities are kept adequately small, losses do not 
exceed admissible limits. Considered from the aspect 
of engineering technique, the advantages of this pat- 
tern of turbine-pump should in no way be dis- 
regarded (Fig. 5). 

(To be continued) 


pounds they manufacture for joints in concrete, brick- 
work, etc., as well as waterstops, concrete waterproof- 
ing agents, etc. A separate leaflet refers to the pro- 
perties of Aerolastic, used particularly for sealing 
joints in airfield runways and in garage and factory 
floors. 


Storfinnforsen and Laforsen Power Stations. A des- 
criptive brochure, excellently produced in colour, has 
been sent us by Nydqvist & Holm A.B., Trollhattan, 
Sweden, giving full details of the turbines they have 
supplied to Storfinnforsen and Laforsen power sta- 
tions. Storfinnforsen station, owned by Krangede 
A.B., is on the Angerman, and has three 47,000 h.p. 
machines operating under a head of 48:5 m. Laforsen 
station, on the Ljusnan, is owned by Stockholms 
Superfosfat Fabriks A.B., and contains two 21,500 
h.p. turbines operating under 34 m. head. The effi- 
ciency curves obtained at the official acceptance tests 
are given for both stations, and in each case is well 
above the guaranteed curve; the maximum efficiency 
at Storfinnforsen was determined at 93-1 per cent. and 
at Laforsen 92:6 per cent. The brochure is published 
in Swedish, English and Spanish. 
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Fig. 13. La Palisse dam, the largest in the scheme, as completed 





The Montpezat Scheme 


The previous article the writer outlined the main features of the Mont- 

pezat scheme as a whole, and described the underground power station. 

Unusual interest attaches to the dams, reservoirs and tunnels associated 
with the scheme, and these will now be discussed 


By WALTER T. STOREY, B.A. (Cantab.) 


PART TWO 


La Palisse Dam. This is the largest of the dams and 
controls a 131 sq. km. watershed with a useful storage 
capacity of 7:8 million cu. m. The dam is of the thin- 
arch type with a crest length of 170 m., a radius of 
90 m., a 90° elevation angle and a maximum height 
of 55 m. above river bed level. Some 30,000 cu. m. of 
concrete were used in the construction of the dam, 
which, like many other dams in France, has the cen- 
tral portion designed to serve as a spillway, in this 
instance capable of dealing with 700 cu. m. of flood 
water per second. 

La Veyradére Dam is a simple intake structure with 
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a negligible storage capacity. The central part of the 
crest is designed to act as a spillway capable of dealing 
with 180 cu. m. per sec., and other leading particulars 
are as follows:— 


Extent of watershed a 28 sq. km. 
Maximum height above river bed 12-5 m. 
Length of crest ies es 45:0 m. 
Volume of concrete used ... 1600 cu. m. 


The Gage Dam. The Moulin de Peyron dam on the 
Gage is of outstanding technical interest and whereas 
it is not an essential part of the Montpezat scheme, it 
represents a most important step in the evolution of 
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Fig. 14. View from upstream of La Palisse dam under construction 


the design of dams. It is of the arch type but its novelty 
lies in the exceptional thinness of the structure and the 
exceptional stresses for which it has been designed. 
From first principles it is evident that the relative 
thickness of a structure of this kind is inversely re- 
lated to the magnitude of the stresses which will be 
set up in the concrete of which it is composed. Hither- 
to the concrete of similar dams had rarely been sub- 
jected to stresses of over 50 kg. per sq. cm. and figures 
of this order have, in fact, only been attained quite 
recently. The Gage dam has been designed to with- 
stand average stresses of over 100 kg. per sc. cm.—a 
virtual doubling of normal practice—but nevertheless 
well within the test capacity of the material. The signi- 
ficance of this increase in the magnitude of the ad- 
missible stress lies in the possibility of reducing the 
thickness of the dam and hence the volume of concrete 
employed. The need to economise in material is 
especially important in view of rising costs and the 
expense of transporting it to remote sites, but a justifi- 
cation of the thin-arch dam lies in the fact that, accord- 
ing to French experience, this type of dam, in spite of 
the more complicated constructional processes re- 
quired, costs very little more per cubic metre than a 











corresponding gravity dam.* At any rate in France 
during the last ten years 26 arch dams have been built 
in comparison with only four of the gravity type. 

It was primarily the excellence of the site which 
allowed the possibility of constructing a dam of such 
an experimental type. The cross section of the valley 
is narrow and moreover it is also symmetrical. The 
granitic bedrock proved to be sound with the excep- 
tion of the right bank. A number of clay-filled faults 
which were encountered were sealed off with little 
difficulty by means of deep injections. A grouting 
screen completed the sealing operations; all this injec- 
tion work was carried out during the period of opti- 
mum frost so that it caused no delay. 

The Gage dam was designed by M. André Coyne 
who also acted as consulting engineer. The charac- 
teristic measurements of the dam are as follows:— 

Maximum height above the river 

bed (m.) 38 

Total length of the dam crest (m.)... 148 

Elevation angle subtended by upper arc 134° 


* Paper by Messrs. H. Hupner, J. Duffant and J. Bellier presented to 
The Fifth International Congress on Large Dams, Paris 1955 
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Fig. 15. Dimensioned drawings of the three dams: (a) Veyradére, (b) Gage and (c) Palisse 
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Thickness at crest (m.) ee 
Maximum thickness at the base on the 
centreline of the dam (m.) 

Volume of concrete employed (cu. m.) 

Useful capacity (million cu. m.) ... 

Extent of watershed (sq. km.) 

The spillway occupies 66 m. of the crest and is de- 
signed to allow the passage of a 250 cu. m. per sec. 
flood with a 1-50 m. rise of the water level. The struc- 
ture is divided into 13 vertical blocks each of which 
is about 12 m. in length. Two drainage valves were 


built into the foot of the dam and are capable of drain- 
ing 26 cu. m. per sec. under the full head. These two 
valves alone would not, however, have been capable of 
dealing with a sudden flood during the initial filling 
of the dam. This filling was planned to take place 
very slowly so that a series of measurements could 





be taken and an estimate of the stability of the struc- 
ture be made. As a preliminary precaution provision 
was made against any sudden rise of the water level 
by the construction of an emergency conduit. This was 
fitted with a plug which could be blasted out by an 
explosive charge in case of need. 

The concrete used in the Gage dam was naturally 
the subject of special study. Emphasis was laid not so 
much upon the production of a special type of con- 
crete as upon a very thorough testing to ensure con- 
sistency and uniformity of results. A laboratory was 
set up at La Palisse where the necessary equipment 
was installed at an existing quarry. It was decided to 
manufacture the concrete here and transport it to the 
Gage site. In all, the laboratory handled over 900 test 
cubes from carefully selected samples. As a further 
check the concrete was used in the right-hand abut- 


Fig. 16. Gage dam, one of the thinnest arch dams in the world 
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Fig. 17. Jumbo carrying five drills, as used for most of 
the tunnelling 


ment of the La Palisse dam and as the core-drill 
samples taken from this proved to be 10 per cent. 
stronger than the test cubes, this gave the additional 
assurance of the adequate strength of the material 
when used on site. The elaborate testing at the La 
Palisse laboratory ensured that no concrete was used 
without having a minimum resistance of 300 kg. per 
sq. cm. after 90 days and the average resistance of the 
concrete employed was shown to be over 350 kg. per 
sq. cm. after this period. The total amount of concrete 
used—4,500 cu. m.—is remarkably small for a dam of 
this size, as will readily be acknowledged, and it was 
all placed during the three summer months of 1953. 
The pours were limited to a maximum lift of 1-5 m. 
and very special care was taken with the vibration 
technique. 

The properties of the Gage dam have been most 
carefully studied with a view both to checking the 
stability and to gaining some idea of the actual, com- 
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Fig. 18. A general view 


pared with the theoretical, behaviour of the structure. 
To these ends the examination has been conducted 
upon two lines. In the first place, steps have been taken 
to detect major geometrical deformations such as 
radial and tangential deflections of the whole structure, 
or any rising of the crest. Deflections have been 
measured by triangulation on two points on the down- 
stream side and movement of the crest may be de- 
tected by visual alignment methods. In the second 
place, provision was made for the assessment of 
localised strains in the concrete and in particular those 
stresses resulting from changes of load. For this pur- 
pose over a hundred Telemac gauges of the “ acoustic 
strainometer” type of vibrating cord extensometer 
were disposed in groups of three along four horizontal 
arcs in proximity to the upstream and downstream 
faces; in addition a few were also placed in the 
foundations and on the vertical steel reinforcing bars. 

Extensometrical (some 10,000 of these) and triangu- 
latory measurements were made from the outset but 
particularly in relation to the following basic condi- 
tions: (1) Constructional period; (2) a slow first filling 
which was completed in three months; (3) a rapid 
emptying; (4) a rapid filling which was effected in 
three days. 

The testing campaign was greatly aided by coupling 
up the relatively small capacity reservoir behind the 
dam with the large reserve of Lake Issarlés. Expert 
analysis of these results has revealed the Gage dam to 
be entirely satisfactory. Some discrepancies between 
the predicted and actually observed reactions of the 
structure show, however, that present theories of thin- 
arch dam construction may need revision. 

A general interpretation of this experiment shows, 
for example, that the arch tends to become more truly 
elastic after a general settling of its foundations. 

The success of the Gage dam is indeed a tribute to 
the team of experts who brought it into being. In the 
future we shall expect to see the further development 
of this type of structure where the natural conditions 
permit. Nor is the economy in the concrete volume the 
only recommendation it possesses, as it would appear, 


of Lac d'lssarlés 








on the whole, to be safer than its gravity-type counter- 
part. Furthermore, the admissible stress limits of con- 
crete have not yet been fully approached and a still 
further evolution along these lines may reasonably be 
foreseen. 


Storage Reservoir at Issarlés 

The addition of the storage capacity provided by 
the Lac d’Issarlés adds substantially to the importance 
of the Montpezat project. The lake has a useful capa- 
city of 34 million cu. m. and thus represents about 75 
per cent. of the total storage capacity of the scheme. 

The Lac d’Issarlés occupies an ancient explosion 
crater of a volcano. It has a maximum depth of 108 m. 
and when the water level stands at an elevation of 
1,000 m. the surface area of the lake is approximately 
90 hectares (220 acres). Before its inclusion in the 
scheme the lake had no outlet so that evaporation 
presumably balanced with the run-off of the 4 sq. km. 
of its natural watershed, together with infiltrations 
from other sources. It was planned to utilise the stor- 
age capacity by introducing waters from the Loire, 
Gage and La Veyradere by means of a tunnel piercing 
the lake floor. The holing through of the tunnel into 
the Lac d’Issarlés proved to be an operation of con- 
siderable complexity but one which was met with 
appropriate ingenuity by the engineering staff. 

A preliminary bathymetric survey of the lake floor 
was combined with a series of borings made by a 
chilled-shot core drill mounted on a raft. It soon be- 
came evident that the greater part of the lake floor was 
unsuitable for this piercing operation. The flatter parts 
of the floor were covered by a thick layer of alluvium 
and the slopes were overlain by screes. Towards the 
northern end, however, the slopes appeared to be 
steeper and the presence of a sheer granitic outcrop 
above the level of the lake gave some hope of its con- 
tinuance under water. A detailed inspection of the 
region revealed the presence of a suitable vertical cliff 
of granite. 

The series of operations which were subsequently 
carried out proved to be the most satisfactory eco- 
nomic answer to the conditions encountered. The 
vertical shaft for the intake gate was driven in from 
an elevation 1,004 m. along the axis of the future 
diversion tunnel. At an elevation 984 m., however, the 
inflow from the diaclase exceeded 70 litres per second 
and work on this shaft had to be temporarily aban- 
doned until the diversion tunnel could drain off the 
water. This and further work had to be carried out 
beneath the protection of a series of umbrella-like in- 
jection screens. The tunnel for the provisional open- 
ing was cautiously driven forwards and upwards until 
the remaining plug could be dynamited. Provision had 
been made for the accommodation of the plug debris 
and the operation was completely successful. This per- 
mitted the water level to be lowered by some 38 m. 
Further pumping allowed a permanent opening to be 
installed which is now protected by a 20 cm. grille with 
a surface area of 30 sq. m. and with bars spaced at 
20 cm. It is interesting to note that while La Vey- 
radére, Gage and La Palisse reservoirs are designed 
for use at a normal level of 1,011 m., 1,010 m., and 
1,010 m. respectively, the Lac d’Issarlés must not be 
filled above 1,003 m. This storage lake is drained to- 
wards the Montpezat power station via the Gage and 
La Palisse dams. A close control of the sluice gates is 
therefore essential, the flow along the tunnels taking 
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Fig. 19. Diagram illustrating method adopted for 


penetrating floor of lake 





Fig. 20. View of the Lac d’Issarlés intake 


place in either direction as desired. 

Over 20 km. of tunnelling are associated with the 
Montpezat project and most of this was driven from 
a jumbo trolley on which five hammer drills were 
mounted. It may be mentioned here that an earlier 
project to pass the tunnel through the Cevennes was 
not undertaken because of a shatter belt associated 
with the ancient volcanic explosion vents. The path 
actually followed was shown to be fully justified by 
the smooth and uneventful progress of the tunnels. 
These were driven entirely in granite and no basalts 
were met with although a very damp cracked area 
which was traversed had to be supported by Toussaint 
frames erected every 0°75 m. 
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Book Reviews 


Les Barrages en Voiite Mince. Jean Lombardi. F. 
Rouge and Co. Ltd., Lausanne, Switzerland. 160 pp., 
58 ff. Price 28-70 fr. 

A recent paper by Prof. D. N. Allan and Prof. A. J. 
S. Pippard' on the experimental and mathematical 
analysis of arch dams, submitted to the Institution of 
Civil Engineers has caused the fundamentals of arch- 
dam calculation to be widely discussed in this country. 
The two authors start by writing the basic equations 
for the equilibrium of a small volume element of the 
dam. These equations consider the normal forces and 
all the shear forces on the six faces of the element and 
correlate them to the strains. Then these equations, 
which could not be integrated, are solved by relaxa- 
tion, using the method of Prof. Southwell. The calcula- 
tion proceeds step by step in three directions and the 
solution must satisfy all boundary conditions. 

During the discussion of the paper it was stated 
that the solution submitted was the “ mathematician’s 
dam” to which any future approximate solution or 
model tests could be referred for comparison. This 
“ mathematician’s dam” could in future replace the 
tedious “trial-load” analysis for the complete stress 
function equations. Approximate methods have still 
to be found giving the best possible agreement with 
the “ mathematician’s dam” with a reasonable amount 
of calculation. The methods used for solving the 
“ mathematician’s dam” give no direct indication of 
how to develop these approximate methods. 

The development of one such approximate method 
is the subject of the publication by M. Jean Lombardi. 
The author visualises an arch dam as an elastic shell 
for which the general equations of Love’ are given. 
These equations cannot be integrated. The author 
analyses each term of these equations and by carefully 
selecting the terms of lesser importance which can be 
dropped brings the equation to a form which allows 
direct integration. He then proceeds to compare the 
solution with approximate methods derived from the 
American trial-load method. A full discussion, in- 
cluding detailed calculations follows. 

In order to do full justice to this notable book some 
preliminary remarks are indispensable. With few ex- 
ceptions the cumbersome trial-load analysis as 
developed by the American Bureau of Reclamation 
has never been popular in Europe. Italian engineers 
prefer to consider a dam consisting of a number of 
superimposed free arches. More recently they have 
been concentrating on model tests and direct measure- 
ments on existing dams (Oberti, Tonini). French en- 
gineers also rely on similar methods (Bourgin) with 
the exception of Coyne who developed the method of 
“plunging arches.” The Swiss have systematically 
endeavoured to develop a method based on the papers 
by Noetzli (U.S.A.), Q@. Ritter (Germany) and Stucky 
(Switzerland)’ (which ultimately led to the develop- 
ment of the trial-load analysis in the U.S.A.). These 
papers consider any arch dam as composed of a 
system of horizontal arches and a system of vertical 
cantilevers. The deflections of both systems at the 
points of intersection must be identical, a condition 
which necessitates the hydrostatic load being divided 
between arches and cantilevers so that the deforma- 
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tions are equal. American practice consists in reach- 
ing this division of the hydrostatic load by a lengthy 
trial-and-error method. The Swiss solve directly the 
system of equations expressing the equality of the 
elastic deformations. 

Prof. M. Ritter* gave a method reducing the whole 
problem to the solution of n linear equations with n 
unknown quantities which are the loads on the arches 
at the n points of intersection. The main effort of 
Ritter was to linearise the equations and to include 
in them the elastic deflection of the abutments. (The 
alternative method used by Pippard and Allan for 
representing the elasticity of the abutments is the so- 
called “artifice of Prof. Vogt”® which consists in 
imagining an ideal state with the base of the dam 
rigidly fixed at some finite depth, below the true, 
physical foundation level.) In connection with his 
studies on the Rossens dam, Ritter showed the funda- 
mental importance of including the elasticity of the 
abutments in the equations for final dam design. 

Two former students of Ritter contributed to the 
elucidation of some points of an arch-dam theory. 
Hofacker* produced the general stress and strain 
equations for a thick free arch rigidly built in at its 
ends, using an integration method which later on was 
to inspire Jean Lombardi in his own work. Bosshard* 
developed further on the method of Ritter. 

The most important achievement of Lombardi is to 
include in the analysis the torsion of the dam, using 
a system of equations similar to those proposed by 
Ritter. He then compares this solution: (a) to the solu- 
tion neglecting torsion; (b) to the direct integration of 
the equations of the thin shells. 

Chapter I is a general introduction to the problem 
of arch-dam calculation. 

Chapter II is devoted to the differential equations of 
Love’, which are generalised to the case of varying 
shell thickness. The prerequisites for the application of 
the method is the existence of a clearly defined 
medium surface and thickness not exceeding one-fifth 
of the radius. In addition it is assumed that the 
hydraulic load is a volume force applied to the material 
of the dam through the action of the interstitial water 
pressure'’, so that the external stresses on both the 
downstream and the upstream face of the dam are 
zero. 

Finally, as usual in the theory of shells, but not of 
arches, the radial shear forces are neglected. Lombardi 
always reintroduces these forces in his analysis by 
considering the general equations of equilibrium of 
forces. His basic idea is to neglect some terms in the 
strain equations provided they are small but no forces 
are neglected and all of them must be in equilibrium, 
with no alteration being brought to the general equa- 
tion of forces. 

The author’s next step is to reduce the general 
equations of Love to the simplified equations of a 
cylinder with constant radius, but these are too com- 
plicated for direct integration. 

Simplified equations have been given in 1934 by 
Fliigge* and these are adopted as a first approxima- 
tion. Fliigge’s equation compares with Love’s more 
general equations by suppressing some terms of higher 
order. Lombardi proceeds simplifying the equations of 
Fliigge by neglecting all the terms depending on 
Poisson’s ratio (which is anyhow small for concrete) 
and by assuming that the thickness A of the dam is 
small as compared to the radius r. If h/r = 1/5 then 
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h/\12r?<1/300 and several terms containing this ratio 
can be suppressed. A last assumption consists in neg- 
lecting vertical dam deflections. To illustrate his points 
the author applies the simplified equations (a) to an 
independent arch, (b) to the trial-load method fer 
which the basic equations are then developed. 

Chapter III is devoted to the integration problem. 
A general analytical solution is, of course, out of the 
question but an approximate method is recommended. 

It consists in representing the “solution” by a finite 
series of suitable functions. The solution must satisfy 
the boundary conditions given by the hydrostatic water 
pressure. The method is developed in such a manner 
that the residual errors on the external load distribu- 
tion conform with the Gaussian weighted least squares 
principle. The principle of the method is then fully 
explained by developing the relevant formulae for tri- 
angular and parabolic profiles. A parabolic profile is 
then fully calculated in Chapter V, on numerical 
examples (Fig. 37 shows the degree of approximation 
obtained by this direct integration). 

Chapter IV deals at full length with the torsion 
problem. The analysis of Fliigge’s general equations 
show that the terms representing the shear force 
responsible for the torsion can be easily retained. The 
author then shows how the trial-load approach can 
be used for calculating a dam either including torsion 
or neglecting it. A detailed numerical example is 
worked out in chapter V. The various operations to 
be performed for this calculation are explained in 
chapter IV for the case of one simple vertical canti- 
lever and for the case of several such cantilevers. 

Chapter V deals with numerical applications. 

The first example solved by the author is the thin 
built-in free arch. The results of four calculations are 
compared: (a) The result with the direct integration 
method by Hofacker, (b) the results when using the 
thin-shell equations for a two dimensional system, (c) 
the same calculation including the shear forces in a 
radial direction, (d) the calculations using the Theory 
of Navier on the linear stress distribution. The results 
are pretty close together. (It is interesting to note here 
that Hofacker’s equations for a two-dimensional 
problem, page 17 of his thesis, are similar to the equa- 
tions of Allan- Pippard for a three-dimensional system 
but that the equations of Fliigge-Lombardi cannot be 
reduced to the same pattern, which made comparison 
by means of numerical results the more interesting.) 

In this same paragraph the author studies the effect 
of the so-called “ artifice of Vogt” for the abutments 
of a thin arch. The numerical example he gives under- 
lines some difficult points involved. There are reasons 
for preferring the method of M. Ritter which allows 
the displacements of the abutments to be correctly 
considered in arch-dam calculations, without intro- 
ducing the artifice of Vogt. 

The other numerical examples concern the trial-load 
method compared with the direct-integration method 
with series of functions, as already mentioned when 
summarising chapters III and IV. Comparative calcu- 
lations with and without torsion show that towards 
the middle of the dam the effect of this factor tends 
to transfer part of the load to the foundation of the 
cantilever, whereas at the sides it causes a larger part 
of the pressure to be taken by the arches. (See also 
conclusions, chapter VI, p. 131.) 

This method has already been used by Lardy and 
Gicot for the Lienne Dam’. The principal stress dia- 
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grams published on p. 125 by the author also show 
the typical inclined stresses towards the arch abut- 
ments, as shown by the calculations of Allan and 
Pippard and by many model tests. (The ordinary 
methods of calculating the dam by considering hori- 
zontal “ sliced” arches show the principal stresses to 
be on the contrary horizontal and vertical.) 

The end of this chapter is devoted to the direct- 
integration method with finite series. Accuracy is ob- 
tained for the central part of the dam, but the errors 
increase towards the sides. 

The thesis of M. Jean Lombardi is a major contri- 
bution to the most difficult problem of arch-dam cai- 
culation. It is of considerable help to those who value 
a better understanding of the strains and stresses 
developing in arch dams. By introducing torsion in the 
calculation of arch dams the author has considerably 
increased the value of the trial-load calculation— if 
this denomination can still be used for a method which 
replaces the “trial” by the direct calculation of a 
matrix. The interest of the thesis is enhanced by com- 
paring its results with the findings of Allan and 
Pippard, Lardy and Gicot and to the methods of 
Hofacker and M. Ritter. 

The book is indispensable to all dam designers and 
will most probably be considered as a classic in this 
domain. C. JAEGER. 
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Engineering Fluid Mechanics. By Charles Jaeger. 

This, the English edition of Dr. Jaeger’s book 
“ Technische Hydraulik ” is to be published by Blackic 
& Son Limited, 17 Stanhope Street, Glasgow, C.4, on 
June 14. We hope to publish a review of this book in 
an early issue. 
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World’s Highest-Head Francis Runner 


Front and rear views of one of the Fionnay Francis runners on the Escher-Wyss stand at the recent Basle Fair 


In the use of Francis turbines for high heads certain 
limits are encountered. In certain circumstances the 
maximum admissible outlet velocity of the water from 
the runner is a limiting factor, and a further con- 
sideration is the highest permissible speed in view of 
the tensile strength of the generator rotor. In certain 
cases the question of wear must also be carefully 
taken into account. 

The danger of cavitation need not be referred to in 
detail as it is practically always possible to eliminate 
damage from this cause by correct choice of the 
elevation of the turbine and by employing suitable 
materials. On the other hand, to combat erosion it is 
necessary to ensure that the water is as free as pos- 
sible from sand, chiefly on account of the labyrinth 
rings and protecting rings. In Francis installations 
working in conjunction with large artificial lakes the 
danger of sand being brought in is practically elimin- 
ated, so that reaction turbines can be adopted without 
hesitation also for relatively high heads. As an 
example of the performance of a high-pressure Francis 
turbine operating under normal hydraulic conditions 
reference may be made to the set supplied by Escher 
Wyss to the Bitto plant in Italy, which develops 14,620 
h.p. under a net head of 374 m. and has been in practi- 
cally uninterrupted service since the beginning of 1944. 
When carrying out an overhaul after 33,000 hours 
of operation the runner blade and labyrinths were 
found to be in perfect condition. 
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On the basis of such satisfactory experience the firm 
of Escher Wyss also received a contract from the 
Forces Motrices du Mauvoisin, Sion (Valais), for three 
machines for the underground power station of 
Fionnay in the Val des Bagnes. These units will oper- 
ate under a maximum head of H 455 m., 
Q = 11,500 lit./sec., N = 62,800 h.p., nm = 750 r.p.m. 
The great adaptability of these spiral turbines should 
be particularly mentioned. On account of the large 
fluctuations in level of the artificial lake the turbines 
have to operate reliably under heads varying from 
455 m. to 284 m., when 35,300 h.p. is still developed. 
The turbine runner is made of stainless cast steel and 
subject to a minimum back-pressure of 3:5 m. The 
runaway speed of the turbine is 1,400 r.p.m. 

This installation will operate under the highest head 
for which Francis turbines of such output have 
hitherto been adopted. Erection of two sets has been 
completed, which will be taken into operation very 
shortly. The third set is at present being completed 
in the works. 

Escher Wyss are at present also manufacturing two 
vertical Francis turbines for the Safien-Platz installa- 
tion of the Zervreila Power Supply Co., Vals (Grisons), 
for: Maximum head H 422 m., Q 11:75 cu. 
m./sec., N = 58,850 h.p., m = 750 r.p.m. In principle 
these turbines are of the same design as the Fionnay 
machines, and they will develop 52,700 h.p. each 
under the minimum head of 395 m. 
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CABLE WORKS 





Fig. 2. Diagram showing cable storage and loading arrangements 


Vancouver Island Cable Shipped 
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Fig. 1. The whole of the cable required for the contract stored in the coiling-down shed. Four stacks are visible, 
the fifth being hidden because of the height of the fourth stack 


The decision taken about four years ago by British sound, for it made the abundant hydro-power of the 
Columbia Electric Co. Ltd. to lay a high-voltage mainland available to the island, and avoided the 
power cable across the Strait of Georgia from the necessity to build two thermal stations. Equal courage 
mainland to Vancouver Island was a courageous one, was shown by British Insulated (Submarine Cables) 
as long-distance submarine power transmission was Limited, who in being awarded a $3 million contract 
relatively untried. Nevertheless it was intrinsically two years ago undertook a large programme of 


development work to fulfil their 
obligations. Special machinery had 
to be designed, and special build- 
ings erected, to manufacture, store 
and handle the cable; yet the cable 
has been manufactured ahead of 
schedule, and when we visited the 
BICC Trafford Park works last 
month, was in process of being 
loaded on to the cable-laying ship 
Ocean Layer. 

The cable is of the single-core 
gas-pressure type, four inches in 
overall diameter and weighing 50 
lb. per yard. Three of these cables 
will form a three-phase circuit and 
a fourth will act as a spare, and 
the link will be capable of trans- 
mitting 100 MW at 138 kV. 

An unusual and probably unique 
feature is that the four 16 mile 
lengths designed to cross the main 
Strait have been manufactured 
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a height of 43 ft. 6 in. to the apex: 
this permits an unobstructed floor 
area of approximately 20,000 sq. 
ft. for cable storage and allows five 
cable stacks each with a diameter 








Fig. 3. Part of the power-operated gantry system showing the cable 
passing over a sheave-winch into one of the bays in the coiling-down shed 





Fig. 4. One of the cable stacks containing a 16-mile length of cable 


entirely without joint (Fig. 4). This is no mean engin- 
eering achievement, and it avoids the use of under- 
water joints. Four 34 mile jointless lengths have also 
been made for an inter-island connection. 

Clearly, cables many miles in length and weighing 
hundreds of tons cannot be put on drums, and special 
loading and transport arrangements have therefore 
been designed. From the factory to the dockside a 
purpose designed power-operated gantry system has 
been constructed. This crosses the Trafford Park Road 
at a height of 45 ft. and extends for a total length of 
1,100 ft. to the quay where the gantry proper ter- 
minates on a tower- 120 ft. from the edge of the quay- 
side. Thence two swivel beams, which can be swung 
through a small arc on rails mounted on a cross 
gantry, provide twin cable-runs directly above the 
holds of the cable ship. The general arrangement can 
be seen in Fig. 2. 

For the storage of the cable between manufacture 
and loading a steel-cladded coiling-down shed has 
been constructed directly beneath a section of the 


gantry. This shed is 350 ft. long. 74 ft. wide and has 
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of up to 60 ft. 

On the gantry above the coiling- 
down shed a pair of light rails 
forms a track for two sheave- 
winches, which are mounted on 
skids and can be moved into posi- 
tion over any of the five coiling 
bays (Fig. 3). When the cable- 
laying ship is alongside, a cater- 
pillar winch mounted on_ the 
gantry pulls a cable from its coil 
in the shed over a quadrant at 
gantry level and along the gantry 
to the winch, and then pushes it 
along one of the swivel beams so 
that it can be lowered and coiled 
into the ship’s hold directly below. 
Telephonecommunication is main- 
tained between quayside, winch 
positions and each coiling bay in 
the shed during loading and coil- 
ing operations. 

Recently, the nine submarine 
cables were stacked in huge coils 
on the floor of the shed, present- 
ing the unique sight of approxi- 
mately £1,000,000 worth of cable 
in one place at one time (Fig. 1) 
and weighing over 3,800 tons. 

The 4,600 ton Ocean Layer is 
the second largest cable-laying 
ship in the world and belongs to 
Submarine Cables Limited. She is 
the first British ship to be fitted 
with a Pleuger active rudder—a 
device consisting of an auxiliary 
propeller housed in the _pear- 
shaped rudder blade and designed 
to increase the vessel’s manoeuvra- 
bility—an essential feature in 
cable - laying operations. The 
Ocean Layer has a service speed of 11 knots. Her 
modern cable-handling gear and testing equipment, 
incorporating the latest electronic control devices as 
well as the most up-to-date navigational aids, make 
her the best equipped cable ship in the world. 

When loading is complete this ship will sail for 
Vancouver via the Panama Canal, taking some 40 
days for the voyage. The final stage will be cable- 
laying operations in Georgia Strait, Vancouver, fol- 
lowed by termination at appropriate shore sites and 
finally testing the complete installation. This pioneer- 
ing submarine power cable link is due to be in opera- 
tion during September 1956. 

It is not without interest to recall that the BICC 
Group collaborated with the British Electricity 
Authority (now C.E.A.) in 1953 in full-scale trials for 
the England-to-France Cross-Channel cable project, 
and that, as we recorded recently, the New Zealand 
Government awarded BICC an investigation contract 
to examine and report on the possibility of a sub- 
marine power cable connection between the North and 
South Islands across Cook Strait. 
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Turbine for Borehole Drilling 


Water turbines are used for a number of specialised 
purposes—for instance in the chemical industry—but 
a turbine for a most unusual application has. been 
developed by Ets. Neyrpic, Grenoble, this being a 
machine for borehole drilling. This turbine is designed 
to be lowered down the borehole and incorporates the 
rotating shaft carrying the drilling bit. It derives its 
power from the water or the mud that is needed in any 
case to flush out the borehole, the only major change- 
over from rotary drilling being that the capacity of the 
pumps may have to be increased. One of these turbo- 
drills has recently been tested against a rotary drill in 
a 650 m. borehole at St. Bauzille de Montmel, and 
although as a responsible journal we do not like the 
use of superlatives. the increase in the rate of advance 
can only be described as phenomenal. 

The reasons for such a striking difference in per- 
formance become obvious when the fundamentals of 
borehole drilling are considered. It has long been 
known that the rate of penetration increases roughly 
in direct proportion to the load on the drilling bit, the 
speed of rotation, and the discharge of circulating 





Fig. 1. 


A 10 in. Neyrpic borehole turbine with two 
containers 


fluid. Over the past years it has been possible to step 
up the rate of circulation but attempts to increase the 
drilling torque simultaneously with the rotation speed 
have been limited in conventional rotary practice by 
the string of drill pipe extending from the rotary table 
at the surface to the bit. The horsepower that can be 
transmitted in this system by the drill pipe rarely 
exceeds two figures, whereas it has been established 
that the best results are obtainable when the horse- 
power is measured in hundreds. 

With a turbine located near the bottom of the bore- 
hole and directly connected to the bit this limitation 
can be overcome. Further, by increasing the mud 
volume, the speed of rotation of the turbine and its 
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torque—in other words the weight on the bit—are in- 
creased simultaneously. In fact, the turbine output in- 
creases as the cube of the discharge and the rate of 
advance as the fourth power. Thus, by doubling the 
discharge the rate of advance can in some cases be 
increased sixteenfold. 

The turbine consists of a tubular body, a central! 
shaft carrying the drilling bit and a series of turbine 
elements, the stationary vanes being integral with the 
tubular body and the impellers with the shaft. Shaft 
bearings and a thrust bearing complete the assembly. 
One of these turbines, with two containers, is shown in 
Fig. 1. A 10 in. turbine for boreholes from 11 to 18 in. 
in diameter is already available, a 7} in. turbine for 





Fig. 2. Borehole turbine in service 


84 to 9{ in. boreholes, and a 5 in. turbine intended 
mainly for geological prospecting are in course of 
manufacture, and a 4 in. turbine will later complete 
the series. A turbine armed with its three-cone rock 
bit is shown in Fig. 2. 

In the tests referred to earlier, a rotary drill and a 
turbine drill were used alternately in a 12} in. bore- 
hole from 264-25 m. to 651-59 m., the strata ranging 
from marly limestone to siliceous limestone. The 
slowest rate of advance with the rotary drill was 0-79 
m. per hour and the fastest 2:20 m. per hour. With the 
turbine the rate of advance ranged from 6-63 to 15-40 
m. per hour. Later, speeds of over 30 m. per hour have 
been attained. With the turbine, rock-bit life was 
actually increased by an average of 33 per cent. 
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World’s Largest Reversible Pump-Turbine 





Fig. 1. Assembled three-piece pump-turbine runner on the deck of the outdoor power house at Hiwassee dam 


What is believed to be the world’s largest reversible 
pump-turbine unit, designed and built by Allis-Chal- 
mers Manufacturing Company for TVA’s Hiwassee 
dam, is the heart of a plan for storing large blocks of 
power. It was scheduled for full operation early in 
May, and is stated to be the first installation in the 
western hemisphere of a reversible pump-turbine for 
the initial purpose of helping to level system load 
curves. 

Electricaliy, this dual-purpose machine is rated 
70,000 KVA as a hydraulic turbine-generator and 
102,000 h.p. as a pump-driving motor—the world’s 
largest by more than 20,000 h.p. Hydraulically, it is 
designed to generate 80,000 h.p. under 190 ft. head— 
to pump 3,900 cusecs*against 205 ft. head. Rotation 
is clockwise for generating, counter-clockwise for 
pumping. 

In pumped-storage systems, the reversible pump- 
turbine unit can generate electric power to help meet 
peak day-time demands, drawing on water stored for 
that purpose. In off-peak night-time or week-end 
hours, the supply of available electric power exceeds 
the normal demand. The machine can then be 
1956 
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motorised to pump water back into the storage reser- 
voir. It is, in effect, the means by which surplus elec- 
trical energy can be converted to water power, stored 
and reconverted when needed to fill electric power 
requirements. With the large reversible pump-turbine 
units, approximately three kilowatts can be generated 
for every four kilowatts used for pumping. The 
Hiwassee unit will assure maximum plant capacity 
during seasonal peak-load periods when water level 
is normally low. 

According to Allis-Chalmers, the new machine 
boasts many record breakers. In addition to being the 
world’s largest pump-turbine, its 266 in. Francis-type 
runner is larger in diameter than any other. The elec- 
trical component, rated at 102,000 h.p. as a motor, has 
no equal. If the full pumping capability of the unit 
were utilised over a 24-hour period at lower than rated 
head, it would lift more than three and a quarter bil- 
lion gallons of water—three times the average daily 
requirement of New York City. 

Significantly, although it is a relatively new concept, 
components of the reversible pump-turbine are little 
different from those already incorporated in many 
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Fig. 2. Motor rotor suspended on the portal crane at Hiwassee dam. Part 
of the stator is visible in the foreground 


vertical hydro-electric machines. The pivoted shoe- 
type thrust bearing, for example, is inherently suited 
for reversible operation. That for the Hiwassee 
machine supports a total of 1,365,000 Ib. 

To reduce breakaway torque in starting, both for 
motoring and generating, thrust bearings for rever- 
sible units are fitted for high-pressure lubrication. The 
high-pressure system operates in the starting cycle, 
establishing a film of oil between thrust bearing sur- 
faces so effectively that one man can readily start the 
Hiwassee machine rotating by pushing against an arm 
of the rotor spider. This system is in use on very large 
hydro-generator installations, as well. 

The pump-turbine runner is similar to the Francis- 
type turbine runner in design, but is modified for high 
efficiency as pump and turbine. Hydraulic control of 
the Hiwassee unit is by means of movable wicket 
gates. 

Variations between the unit’s electrical characteris- 
tics and those of a typical hydraulic turbine-generator 
are chiefly due to its dual purpose as generator and 
motor. Ratings are 102,000 h.p., 95 per cent. power 
factor, 80°C. rise, 13,500 V, 135-9 r.p.m. as a motor; 
59,500/68,425 kW, 70,000/80,500 kVA, 60/80°C. rise, 
85 per cent. power factor, 105-9 r.p.m. as a generator. 

A ring of 20 adjustable wicket gates controls the 
flow of water to the unit’s impeller runner for power 
generation, and likewise regulates the flow of pumped 
water for greatest efficiency. When starting as a pump, 
the wicket gates are closed and a compressed air blow- 
down system dewaters the runner. This reduces motor 
starting torque requirements and eliminates system 
disturbances. Reduced-voltage starting limits current 
inrush below normal load. The motor is then started 
and brought up to speed. Release of air pressure 
allows the water level to rise in the impeller, the 
wicket gates slowly open to the proper setting and 
water flows up the penstock into the storage reservoir. 
Much the same sequence, in reverse, is followed at the 
end of the pumping cycle. For power generation, the 
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unit is started in the same manner 
as a conventional hydraulic-tur- 
bine unit. 

Shipping a unit as large as that 
at Hiwassee is a major problem. 
The 266 in. turbine runner, for ex- 
ample, was built and shipped in 
three sections, and bo!ted together 
at site. By contrast, the largest 
runner of this type that could be 
handled as a single shipment 
would be rated 48,000 h.p. com- 
pared with 80,000 h.p. for the in- 
stalled runner. 

The generator-motor stator was 
also built and shipped in three sec- 
tions, partially wound at the fac- 
tory, and finish-wound on the job. 
The rotor spider was too large in 
diameter to meet shipping limits 
and it also was shipped in sections 
and bolted together at the dam 
site. Rim laminations and _ field 
poles were assembled on the spider 
just prior to installation. Finished 
rotor weight was over 300 tons. 

The concept of pumped stor- 
age for hydraulic power purposes is not new. How- 
ever, the reversible unit, which combines pump and 
turbine, generator and motor, into a single integrated 
machine, is a recent development. Another unit of this 
type, also built by Allis-Chalmers, is operating in the 
Flatiron Power and Pumping Plant in Colorado. 


Course on Hydrodynamic Stability 


“Hydrodynamic Stability.” a two-week special 
summer programme on the problems of instability in 
laminar flow and turbulence, will be given at the 
Massachusetts Institute of Technology from July 16 
to July 27. According to Professor Ernest H. Huntress, 
Director of the M.I.T. Summer Session, who an- 
nounced the plans, this special summer programme 
will consist of an organised presentation of basic 
knowledge of instability of laminar flow and tur- 
bulence, and lectures on the application of these prin- 
ciples to more specialised fields. Material covered in 
the programme includes: the theory of hydrodynamic 
instability; transition from laminar flow to turbulence: 
statistical theory of turbulence and related topics in 
engineering, meteorology, and acoustics, presented by 
specialists in the various fields. 

Dr. Chia-Chiao Lin, Professor of Mathematics at 
M.1.T., will direct the programme. Members of the 
M.I.T. Faculty assisting Dr. Lin will be Professor 
Arthur T. Ippen, Director of the M.I.T. Hydro- 
dynamics Laboratory; Dr. Victor P. Starr, Associate 
Professor of Meteorology; and Dr. Uno K. Ingard, 
Assistant Professor of Physics. Professor S. Corrsin. 
Chairman of the Department of Mechanical Engineer- 
ing, John Hopkins University, Baltimore, Maryland, 
will also lecture. 

Full details and application blanks may be obtained 
from the Summer Session Office, Room 7-103, 
Massachusetts Institute of Technology, Cambridge 39. 
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Abstracts from the 
World Technical Press 


Snake River Development 


Pacific Northwest Power Company has asked the 
Federal Power Commission for permission to develop 
two sites on the middle Snake River between Oregon 
and Idaho. The Mountain Sheep Project calls for a 
255 ft. high concrete gravity dam with a 1,700 acre 
reservoir which, at a top level of 1,113 ft. above sea 
level, would provide a gross head of 163 ft.; the dam- 
toe power house would have a three-unit initial capa- 
city of 330 MW, to be raised later to 432 MW by an 
additional unit. The second project would include a 
534 ft. high concrete arch dam at Pleasant Valley, 
with a reservoir at 1,490 ft. above sea level, and a 377 
ft. gross head for power production; two power houses 
downstream of the dam, one on the Oregon, the other 
on the Idaho side, would have an initial capacity of 
850 MW from five units, to rise to 1,014 MW by the 
addition of a sixth unit. The generators would be of 
the semi-outdoor type and would be rated at 144 MW, 
with a capacity of 170 MW at full gate opening. 
(Engineering News-Record, Vol. 155, No. 11, Sept. 
15, 1955, p. 28.) 


Solar Energy 


An outline is given of the latest research and experi- 
ments on the harnessing of solar energy to power 
generation. Among the latest solutions suggested, the 
most interesting appears to be a system of heat ab- 
sorbers which consists of blackened metal plates, and 
heats a substantial quantity of water to about 70° C. 
The water is then circulated in a heat exchanger in 
counterflow to another low-ebullition-point fluid, 
generally freon. The freon vapours are superheated by 
a system of parabolic mirrors, and made to expand 
in a small high-speed reciprocating engine; after ex- 
pansion, the vapours pass through a condenser, and 
the working cycle starts afresh. This method is still 
at the experimental stage, and its economic suitability 
has still to be proved. The article ends with a brief 
account of the experiments made by the General 
Electric Company and the Bell Telephone Company 
in U.S.A. with a view to transforming radiant energy 
directly into electric energy. (Quaderni di Studie e 
Notizie, Vol. 11, No. 203, 16.9.1955, p. 666, 3 pp.) 


The Aare River as a Source of Energy 


Intended as an introduction to an article to be pub- 
lished at a later date on the Aare power stations, this 
exhaustive survey deals with the wide possibilities 
offered by the river to hydro-electric development. 
Following catastrophic floods, which particularly hit 
the Thun district andMinally transformed the region 
between the Jura Lakes and the township of Biiren 
into a vast swamp, extensive work towards the regula- 
tion of the Jura waters was carried out between 1867 
and 1891, and since 1878 the Aare has flowed into 
the Bielersee. Later regulation stages involved the 
setting up of weirs in the Nidau-Biiren canal and 
brought about considerable improvements. However, 
the latest great floods of 1944 and 1950 clearly estab- 
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lished that, owing to extensive silting, the cross- 
sections of the canals connecting the Jura Lakes are 
much too small. In fact, in spite of an aggregate area 
of 280 sq. km., the three Jura Lakes are today still 
unable to store the additional discharge of the Aare, 
Saane and other rivers at high-water periods. A re- 
construction of the Nidau-Biiren canal and a thorough 
regulation of the stretch of the Aare downstream of 
Solothurn is fairly urgent. The final solution aimed at 
can be supplied by the planned Transhelvetic canal 
which would lead from the Lake of Geneva through 
the Entreroches canal and the Neuchatel and Biel 
Lakes to the Aare, thus setting up a Swiss Rhone- 
Rhine navigable waterway. Freight traffic would 
again sail on the Aare, and a division of the head 
available into appropriate stages would provide possi- 
bilities for the construction of hydro-electric installa- 
tions. The survey also discusses the size of run-of-river 
plans on the Aare, and further paragraphs are de- 
voted to average and specific precipitations in the 
region involved, as well as to flood discharge. (P. 
Moser, Technische Rundschau, Vol. 47, 16.9.1955, No. 
39, p. 27, 3 pp.. 8 ff.) 


Val Bregaglia Development 

Worked out by the Hydro-electric Division of the 
Zurich Corporation for the development of the Val 
Bregaglia (Grisons) the project described in this article 
comprises two stages: (1) the Albigna works, with the 
Albigna reservoir, the Val Forno and Val Maroz 
diversions, and the Lébbia power station; (2) The 
Castasegna power house, which utilises in a single 
stage the head available between LObbia and the 
Italian border. The Albigna gravity dam, 755 m. in 
crest length by 110 m. in maximum height, creates a 
reservoir 60 million cu. m. in capacity; owing to the 
configuration of the flanks of the valley, the axis of the 
dam is broken at two points, both wings receding 
southwards. The Albigna pressure tunnel, 4-6 km. in 
length, with a diameter varying between 2-5 m. in the 
concrete-lined, and 3 m. in the unlined section, con- 
nects downstream of the underground surge tank with 
a 1,100 m. long steel-lined pressure shaft which in its 
turn leads to a 750 m. penstock 1,600/1,400 mm. in 
diameter. The two diversions comprise each an intake, 
complete with weir, pressure tunnel, surge tank and 
penstock. The Lébbia power station, on the left bank 
of the balancing reservoir, houses three generating 
sets: Nos. 1 and 2, consisting each of a 38,000 kVA 
horizontal generator driven at 500 r.p.m. by two 
22,000 h.p. Pelton wheels, and No. 3, which consists 
of a 9,000 KVA generator-motor driven by a 10,000 
h.p. Pelton wheel, and of a storage pump designed for 
a capacity of 3 to 4 cu. m. per sec. and a lift of 86 to 
191 m. In winter, Nos. | and 2 sets utilise normally 
only the water from the Albigna reservoir, while No. 
3 is fed by the Forno and Maroz diversions, the pump 
being disconnected. In summer, No. 2 is operated by 
the Forno and Maroz intakes, and No. 3 set acts either 
as a generating set fed from the same intakes, or as 
a storage pumping set actuated at discretion hydrauli- 
cally or electrically, the water being pumped into the 
Albigna reservoir; No. | set, on the other hand, serves 
as a standby for generating peak energy from the 
Albigna reservoir. The outdoor 225 kV_ substation 
stands north of the power house. The Castasegna 
works consist of a 11-3 km. pressure tunnel, a surge 
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tank and a steel-lined pressure shaft together with the 
gate chamber which operates either automatically or 
by remote control from the underground power house. 
The head and capacity of the two stages being fairly 
similar, the two generating sets at Castasegna are identi- 
cal with the Albigna main sets. An inclined shaft con- 
nects the underground power house with the outdoor 
225 kV switchyard. Work on this important new ven- 
ture of the Zurich Corporation is already in progress 
and is scheduled to last six or seven years: impound- 
ing at Albigna will be effected while the dam is in 
course of construction with a view to starting energy 
production in 1959. (Contributed by Electricity Works 
of the Zurich Corporation, Bulletin de l Association 
Suisse des Electriciens, Vol. 46, No. 23, 12.11.1955, 
p. 1101, 6 pp., 3 ff., 1 table.) 


Swiss Electricity Production 

From the report of the Committee of the UCS 
(Union des Centrales Suisses d’Electricité — Associa- 
tion of Swiss Electricity Works) to its general meeting, 
held in Lucerne on October 1, 1955, we learn that the 
production of hydro-electric energy in Switzerland re- 
mained in 1954 slightly below the production of the 
previous year, 12,994 against 13,407 million kWh, 
owing to less favourable hydrological conditions. 
Thermal production and imports increased however 
from 58 and 486 million kWh to 186 and 1,197 mil- 
lion kWh respectively, so that the aggregate produc- 
tion available in 1954 shows an increase of 426 million 
kWh. Hydro-electric installations put into commission 
in 1954, inclusive of the Swiss share at Birsfelder. 
raised the average yearly production by 828-5 million 
kWh, a figure which will increase by 3,247:9 million 
kWh, once installations in progress at the end of 1954 
are completed. In 1961/62 it is expected that the aver- 
age hydro-electric production available, under normal 
hydrological conditions, will reach 20,750 million 
kWh. A length of 225-2 km. of high-voltage lines has 
been added to the Swiss network, and lines in course 
of erection at the end of the year, most of them 225 
kV, represent a further 360 km. At the present 
moment, it is estimated that the ceiling of economical 
exploitation of Switzerland’s hydro-electric resources 
is about 30,000 million kWh, and it is expected that 
this consumption, even with a moderate increase of 
the demand, will have been reached within 20 to 25 
years. To resort to other possible sources of energy 
is therefore as urgent a problem in Switzerland as in 
other countries less favoured with hydro-electric 
resources, and an experimental nuclear reactor is to 
be built at an expense of about 20 million Sw.Fr. to 
which 45 Swiss electricity undertakings, united in the 
Société de Participation au Réacteur, are contributing 
five million Sw.Fr. (UCS Supplement to Bulletin de 
l’ Association Suisse des Electriciens, Vol. 46 (1955), 
No. 18, 3.9.1955, p. 841, 14 pp., 3 ff.) 


Welding Stresses Crack Penstocks 

This article describes the procedure adopted for 
repairing three power penstocks at Garrison dam, 
which developed extensive cracking while being 
welded. The penstock-riser-surge-tank assembly is of 
gigantic proportions and had to be field erected. Weld- 
ing of such large components under field conditions 
sets up tremendous stresses, and, in this instance, was 
complicated by the complex pattern of curvatures in- 
volved in the design. The result was cracking which, 
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occasionally, occurred suddenly, while workmen wer 
on the job, with a sharp noise that sounded like a 
cannon explosion. Some of the cracks in the heavy 
steel plate were nearly 3 ft. in length; the vicinity ot 
the intersection of the diagonal reinforcing yokes, just 
above the centreline of the penstocks, was first 
affected. Stress relief by means of a cut-out about 9 ft 
6 in. by II ft. 8 in. in the area of the penstock and 
riser, subsequently annealed in a furnace and welded 
back in place, failed to halt the cracking, indicating 
the presence of excessive stresses everywhere. Upon 
the recommendation of Professor Bijlaard, Cornell 
University, the entire fabricated steel connection at the 
tee-shaped junction of the penstock and risers is now 
being encased in reinforced concrete, this encasement 
providing strength while the principal role of the steel 
plate penstock and risers is reduced to that of a liner 
plate against water leakage. Concrete reinforcement 
consists mainly of 2 in. diameter bars with welded 
splices. Although the design’s shortcomings showed up 
in No. | unit, work on Nos. 2 and 3 units went on, 
because the component parts had already arrived at 
the dam site and were partially assembled. When con- 
structing units 4 and 5 (the final two penstock-riser- 
surge-tank assemblies), the reinforcing yokes will 
probably be left off, and a more heavily reinforced 
concrete encasement used. In addition to the heavy 
cost of these remedial measures, estimated at $1-5 mil- 
lion, hydro-power production, scheduled to begin 
during the summer of 1955, will be delayed at least 
four months. (Engineering News-Record, Vol. 155. 
No. 18, Nov. 3, 1955, pp. 32/33, 2 ff.) 

Note.—The above-mentioned journal also contains 
a survey of the progress of St. Lawrence Construction 
after One Year, p. 34, 5 pp., 5 ff.) 


Dams on Delaware 

Hydro development of 200 MW on Delaware River 
is proposed by Delaware River Development Corpora- 
tion’s new application to FPC for preliminary permit. 
Three plants are proposed: 150,000 h.p. at Tocks 
Island. N.Y.; 72,000 h.p. at Belvidere, N.J.: and 
60,000 h.p. at Chestnut Hill, Pa. The plan could also 
provide water for domestic consumption. Another 
plan, motivated by growing need for domestic water, 
and to be submitted shortly to the New Jersey Legisla- 
ture, is to tap the upper Delaware and would include 
small pumped-storage installations. (Electrical World, 
Vol 145, No. 3, Jan. 16, 1956, p. 7.) 


Pleasant Valley Dam Model Studies 

The physical and hydraulic dimensions of this huge 
structure are being checked on a | : 50 scale model by 
the Test Unit of Washington State College, Pullman. 
Besides its great height of 534 ft., this proposed in- 
stallation on the middle Snake River will have the 
world’s largest power equipment of its type: six 
170,000 kW generators 49 ft. in diameter, and six 
233,500 h.p. turbines with the largest waterwheels ever 
built in one piece. Design and performance of such 
outstanding features as these will have had full model 
study before the prototype is constructed. Investiga- 
tions are now under way to develop answers to 
hydraulic problems of water elevations, wave actions, 
velocities, pressures and the like. Actual conditions 
of overflow and operation are simulated on a vermi- 
culite-concrete model of the dam and its downstream 
channel topography. The model of the dam is 104 ft 
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high and 25 ft. long, and the channel downstream ex- 
tends over 60 ft. Two 4,500 g.p.m. pumps send flows 
up to 7,500 g.p.m. over the spillway of the model. 
(Engineering News-Record, Vol. 155, No. 24, Dec. 15, 
1955, p. 68, 1 f.) 

Note. Another article on Pleasant Valley dam 
studies appeared in Electrical World, Vol. 145, No. 1, 
Jan. 2, 1956, pp. 24/25, 4 ff.) 


Feather River Project 

California’s proposed $1,600 million Feather River 
project is called feasible on both engineering and 
financial aspects in a report prepared by the Bechtel 
Corporation. In essence, the report makes no signi- 
ficant changes in the concept of the project; the main 
difference between Bechtel’s recommendations and 
the programme previously advocated by the State 
Engineer affects Oroville dam, a concrete gravity 
structure which, with a volume of 14 million cu. yards 
and a height of 730 ft., exceeds Grand Coulee in size 
and Hoover in height. California sentiment now is for 
immediate construction of the huge dam to take ad- 
vantage of the flood-control potential at the earliest 
possible date; Bechtel, on the other hand, favour a 
delay in starting construction work on the dam because 
there is enough water flowing into the Sacramento- 
San Joaquin River delta region to fulfil initial water 
demands of the project, and power demands of the 
Feather River aqueduct pumping plant do not make 
the 440,000 kW power plant at the dam necessary at 
the start. It is however probable that the Bechtel re- 
port was written before the late December California 
floods. From the financial aspect, neither Bechtel nor 
the state had considered federal participation possible 
in analysing the economic feasibility of the project. 
The Bechtel report now advocates federal participa- 
tion, which would make the whole scheme even more 
attractive financially. Federal participation would, be- 
sides, justify construction of Oroville dam earlier than 
recommended in the report. (Engineering News- 
Record, Vol. 156, No. 3, 19.1.1956. p. 26.) 


Water Power in Bulgaria 

The following information of hydro-electric interest 
is given in an article dealing with water problems in 
Bulgaria. The country, with an area of no more than 
110,000 sq. km., has an average yearly rainfall of 
about 660 mm.; underground water resources have 
not yet been adequately investigated, and are roughly 
estimated at 10,000 million cu. m., that is to say about 
double the utilisable volume of possible surface 
accumulation. The aggregate length of rivers and 
streams is about 21,000 km., with a yearly dis- 
charge into the sea of 13,000 to 14,000 million cu. m. 
With regard to hydro-electric development, fairly 
accurate investigations on economically utilisable re- 
sources indicate that with an installed capacity of 1-2 
to 13 million kW, minimum production would be 
4,000 to 5,000 million-kWh, of which 75 per cent. 
would be contributed by regions comprised between 
1,000 and 3,000 m. above sea level. In fact, most exist- 
ing Bulgarian hydro-electric plants are set up in such 
regions, and operate as high-head developments. Con- 
ditions favourable to run-of-river developments are 
practically non-existent. Altogether, the country’s 
main water problem consists in bringing power in- 
terests into harmony with irrigation and domestic re- 
quirements. Valley damming would appear to be the 
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most rational solution, and the author suggests two 
alternatives, either single-dam developments devoted 
to power generation during irrigation off-periods only, 
or two-dam schemes with an upper dam attending 
to power production only, and a lower dam operating 
purely as an irrigation structure. The Arda and Vatsha 
cascade-type developments in the Rhodope mountains 
have proved very satisfactory, and their pattern is cer- 
tainly the most advantageous where favourable topo- 
graphic and geological conditions are available. Pend- 
ing completion of geological and economic surveys, 
comparative estimates show that about 60 to 70 multi- 
purpose large dams with an average impounding 
capacity of 80 to 150 million cu. m. would be required 
to utilise to the full the water resources available. In 
addition, a great number of small earthfill or rockfill 
dams set up in suitable lower regions and plains could 
create reservoirs of up to 2 million cu. m. in capacity 
for the irrigation of smaller areas. (Professor Dipl. Ing. 
Christophor Baydanoff, Sofia, Wasserwirtschaft- 
Wassertechnik, Vol. 5, No. 12, December 1955, pp. 
385 to 387.) 


Hydro Expansion in U.S.A. 

The Pacific Power & Light Company recently 
announced a licence request for a 256,000 kW project 
on the Lewis River, north of Portland, Oregon, this 
April being scheduled for the construction start, and 
late 1958 for initial power generation. The same com- 
pany also announced an application to the Federal 
Power Commission for permission to study another 
project still higher in the Lewis River watershed for a 
contemplated 74,000 kW. The immediate develop- 
ment, known as Swift Project, will include two power 
houses and a 2,000 ft. long earth and rockfill dam 
creating a 740,000 acre ft. reservoir. Power Plant No. 1, 
at the foot of the dam, will have three generators 
totalling 189,000 kW, and its 34 miles long tailrace 
will feed Plant No. 2, where two generators are to put 
67,500 kW on the line. Water will then flow into the 
Yale Reservoir. Swift dam will be 510 ft. high, over 
2,100 ft. thick at its base, and will contain 16 million 
cu. yard of fill. The later development, named the 
Meadows project, would collect water from four Lewis 
River tributaries through a system of five dams and 
two power houses. (Engineering News-Record, Vol. 
156, No. 3, 19.1.1956, p. 33.) 


The Only Three Kaplans on the Missouri 

At Gavin’s Point dam—where Missouri River flow 
is to be re-regulated finally after use at Fort Randall, 
Oahe and Garrison dams upstream—the only three 
Kaplan turbines on the river will develop a total of 
100,000 kW. All other generating units on the lower 
Missouri have Francis runners operating from medium 
heads. At Gavin’s Point low head behind the dam (40 
to 66 ft.) dictated the choice of Kaplan units; a second 
reason for using Kaplan runners in this instance is the 
function of Gavin’s Point dam as a re-regulation struc- 
ture. Surges as high as 5 ft. will be sent downstream 
from Fort Randall and must be ironed out by Gavin’s 
Point to prevent further damage downstream. The 
Kaplan adjustable-blade runners will be able to adjust 
relatively close to such flow variations. Under full 
load at rated head, each Gavin’s Point Kaplan turbine 
will pass 9,000 cusecs., that is to say, more water than 
absorbed by the Francis units at Fort Randall under 
maximum head. Yet these Kaplan units also will 
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adjust to operate efficiently under less than full load. 
Erection work at Gavin’s Point is proceeding at such a 
pace that No. | Unit is expected to be on the line 
early next Autumn, with Nos. 2 and 3 to foilow at four- 
month intervals. (Engineering News-Record, Vol. 156, 
No. 6, 9.2.1956, p. 51, 2 ff.) 


Niagara Hydraulic Models 

A comprehensive programme of model testing was 
carried out before the recent redevelopments at 
Niagara. The paper outlines the major problems en- 
countered, their solution, and the economic and tech- 
nical advantages of the model analysis. On the whole, 
these extensive tests resulted in design improvements 
which brought about an economy in construction 
costs, assessed at $5:25 million. It is also estimated 
that the reduction of head losses between the Niagara 
River and the forebay due to these tests represents a 
capital saving of several million dollars. (J. B. Bryce, 
The Engineering Journal, Canada, Vol. 38, No. 12, 
December 1955, p. 1663, 8 pp., 17 ff.) 


Hells Canyon Projects 


Morrison-Knudsen Co. Inc. started construction 
work immediately after they had been awarded the 
contract for the Brownlee and Oxbow dams, Novem- 
ber 9, 1955. Operations are concentrated at the 
Brownlee site, first of the three developments planned 
by Idaho Power Co. for the Hells Canyon area that 
will ultimately produce over | million kW. Access 
roads and an all-weather camp were promptly com- 
pleted and, on December 10, portal excavation began 
for a 2,540 ft. tunnel, 38 ft. in diameter, into which the 
Snake River is to be diverted next July, to make way 
for dam foundation work. The Brownlee dam is 
planned as a rockfill structure 395 ft. in height by 
1,320 ft. in crest length: it wiil require 7:5 million cu. 
yards of material. The Oxbow development, 12 miles 
downstream from Brownlee, will make use of a sweep- 
ing turn or bow in the river with a 205 ft. high rockfill 
dam blocking one end of the bow. The power house, 
at the other end, will receive water diverted across a 
narrow neck of land, and provision will be made to 
boost up ultimately by 50 per cent. the initial capacity 
of 151,000 kW. The third dam, known as Hells 
Canyon dam and located 23 miles downstream from 
Oxbow, will be built later to complete the harnessing 
of the Snake River. (The Em-Kayan, Vol. 14, No. 11, 
Jan. 1956, p. 9, 4 ff.) 


Rejuvenating the Face of Old Concrete 
Dams 

Some years ago, at Florence Lake, a multiple-arch 
structure set up in Southern California at El. 7,300 ft., 
protection from frost and ice action was achieved by 
coating one of the arches with a membrane of 12 gauge 
steel placed against the original dam concrete. A simi- 
lar method was applied last year to the two high- 
mountain dams which form Huntington Lake in Cali- 
fornia’s Sierre Nevada, where freezing and thawing 
conditions are particularly severe. In this instance, | 
in. diameter bolts were first placed in the dam face 
to hold the 10 gauge steel membrane which was de- 
livered to site in 6 = 20 ft. sheets provided with holes 
to fit over the bolts. Two such sheets were welded to- 
gether to permit handling of a single 6 = 40 ft. section 
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during installation, and the double sheets were lowered 
from the top of the dam by crane. After a horizontal 
row of steel had been positioned and welded, a new 
concrete backing was placed, and the new face sealed 
at top and bottom by an 8 in. channel that is grouted 
to the dam. Ultimately, the steel membrane was coated 
with a cold-applied coal-tar enamel material, covered 
by an aluminium paint to reduce heat absorption. 
Underlying the new face, a drainage system keeps 
water out of the existing concrete. The result of pour- 
ing concrete behind the thin steel sheets gives the dam 
face a quilted look. It is not granted that the steel 
will remain in contact with the new concrete, except 
when subjected to water load, but the combination 
of steel membrane, new concrete backing and under- 
drain system is expected to protect the existing con- 
crete from further severe frost damage. (Engineering 
News-Record, Vol. 156, No. 5, 2.2.1956, pp. 33/34, 2 
ff.) 


River Control Affects Water Supplies 


This short article deals with the problems posed by 
the Missouri River dams (Garrison, Oahe, Fort Ran- 
dall and Gavin’s Point) for communities using the river 
for water supply, and the measures already taken or 
contemplated to adapt the river discharge to increas- 
ing requirements. (Engineering News-Record, Vol. 
156, No. 3, 19.1.1956, pp. 41/42, 1 map.) 


John Day Project 

In his State of the Union Message, President Eisen- 
hower endorsed for the first time a partnership 
approach to construction of 1,105,000 kW John Day 
dam in Oregon which had already been authorised as 
a federal venture. This, it would appear, reverses last 
year’s decision, when Congress voted $500,000 for 
Army Engineers’ planning, and ignored the offer of 
three Pacific Northwest utilities to pay the $273 million 
cost of constructing power facilities on the $310 mil- 
lion project in return for 50-year contracts for the 
dam’s power. The President also endorsed, for the 
second time, two federal multi-purpose projects: the 
million kW Upper Colorado River development, and 
Fryingpan-Arkansas on the Arkansas River in 
Colorado. (Electrical World, Vol. 145, No. 3, Jan. 16, 
1956, p. 10.) 


CLASSIFIED ADVERTISEMENT 


Appointments Vacant 


British Insulated Callender’s Construction Co. Ltd. have 
the following vacancies in their Overhead Line Contracts 
Department in London: 

ASSISTANT DESIGN ENGINEERS: Work involves 
structural design aspects of Electrical Transmission and Dis- 
tribution Lines. Previous experience desirable, although not 
essential, but structural background up to HNC standard 
an advantage. After appropriate training successful applicants 
will be expected to conduct technical correspondence and 
negotiations. These posts carry progressive responsibility. 

DRAUGHTSMEN: To prepare detail and arrangement 
drawings. These posts would, in suitable instances, offer 
advancement to the status of Designer Draughtsmen. 

Attractive salaries will be offered to suitable applicants. 
Pension Fund, Staff Canteen, 5-day week. Apply in writing. 
stating age, to Staff Officer, above Company, at 30 Leicester 
Square, London, W.C.2., quoting reference C/90/55. 
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On the St. Lawrence River, between Lake 
St. Francis and Lake St. Louis, a fifteen 
mile long canal three-quarters of a mile 
wide feeds the Beauharnois Power Plant 
of the Quebec Hydro Electric Commission. 
The site at Beauharnois is capable of 
developing over two million horsepower 
and plans for the St. Lawrence seaway 
call for using the power canal for ocean 
going ships. 
Twenty Dominion Francis turbines at 
Beauharnois, fourteen rated at 53,000 H.P. 
and six rated at 55,000 H.P., are now 
delivering approximately 6,000,000,000 
kilowatt hours per year. 
As manufacturers of Hydraulic turbines 
— Francis, Propeller and Impulse types — 
for over 30 years, we invite your inquiries. 
Write for Dominion Hydraulic Turbine 
Bulletin No. 201. 
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20 ton ‘TRAVELIFT’ Cableway 
handling 8 cu. yd. capacity bottom 


discharge concreting bricket. 


BRECO Ropeways and Cableways have been 
supplied and installed for operation under 
most extreme climatic and topographical 


conditions throughout the world. 


BRECO — Sole manufacturers of ‘ Travelift? 


Cablewavs. outside the North American Continent. 


TRAVELIFTS are especially suited to 


high speed heavy construction work. 


Literature available on request, 





BRITISH ROPEWAY ENGINEERING CO. LTD., 


Plantation House, Mincing Lane, 
London, E.C.3 


Telephone Vineing Lane 7901. 
Tele pra phi iddress ;: Borhauling, Fen, London. 
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ore Ga e f a gal  . ‘ 


FEDAIA DAM 


AT THE AVISIO’S SPRINGS - ITALIAN ALPS © 
AT EL. 6,800 ft. - CONSTRUCTED DURING SUMMER TIME 1953-54 | 


TYPE: 


BUTTRESS 
PRINCIPAL: 


og —SOCIETA ADRIATICA DI ELETTRICITA - VENICE] 


CREST LENGTH: 


1,065 ft. } 
VOLUME: [> N 
209,000 cu. yds. DOTT.ING. 7 & Gi 


BUILDING & CIVIL ENGINEERING CONTRACTORS & CONSULTANTS 


7 VIA ALBRICCI, MILAN, ITALY + CABLE ADDRESS: IDROTORNO 
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Storage Pumps 
for hydro-electric power schemes 


The following high-lift storage pumps are 
at present in hand: - 


two pumps for 
- Reisseck Power Station, Austria 


(each for 6,000 g...p.m., head 3,510 ft. 
speed 1,500 r.p.m., input 7,550 H. P., final 
pressure 4,085 ft.) 


YT mol ul omiols 
Linersee Power Station, Austria 


(discharge 49,250 g. p. m., head 3,182 ft., 
speed 750 r.p.m., input 54,750 H. P.) 


one pump for 


Motec Power Station, Switzerland 


(discharge 43,050 g.p.m., head 2,060 ft., 


speed 750 r.p.m., input 30,400 H. P.) 


Lake Oberaar, 7,550 ft. above séa level, 


TaMial-Meol-1aal-t1-Me @lol-talelale MINN 7iP4-talelale) 








































25,100-H.P. storage pump for the 


Grimsel-Oberaar Power Station 


SULZER BROTHERS LIMITED, WINTERTHUR, SWITZERLAND 


SULZER BROS. (LONDON) LTD., 31, BEDFORD SQUARE, LONDON W.C.1 
(INCORPORATING HATHORN, DAVEY & COMPANY, LTD.) 





SOURCES OF POWER 


Water 


A swollen raindrop rolls off a leaf and 
falls on a leaf below. On the impact, the 
lower leaf is deflected; for an instant it 
becomes the blade of a paddle-wheel, 


for an instant it is driven. 


Ce i eed i 


br al 


From the top of a giant cataract to 
the power-house below, a torrent 
of water is directed down a man-made 
flume to whirl the blades of a turbine. 
The turbine is geared to a dynamo. 
At this point, where water power becomes 
electrical power, Crompton Parkinson 
take over. There have been few major 


developments in the control of electricity 


a _— 
>) eae 


with which this Company has not been 


IF 


associated. And so long as there is 
electricity, and from whatsoever source it 
is made, Crompton Parkinson will continue 
to develop machinery and equipment 
for its transmission, measurement, 


regulation and utilisation. 


ELECTRICAL | QUIPMENT 


rompton Parkinson 


aemrrTeD 
MAKERS OF ELECTRIC MOTORS OF ALL KINDS + ALTERNATORS + GENERATORS 
SWITCHGEAR rRANSFORMERS CABLES INSTRUMENTS * LAMPS + LIGHTING EQUIPMENT 
BATTERIES FRACTION EQUIPMENT + CEILING FANS 
PARKINSON LIMITED has branches and agenck 


sin all parts of the world. If you cannot readily make 


contact, please write dire 
IPT H E. ALDWYCH, LONDON, W 


CROMPARK LONDON 


C.2, ENGLAND + Overseas Telegrams 
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+GF+ 
the Steel Foundry 
for 


Waterturbine Runners 


George Fischer Limited, Schaffhausen, Switzerland 


Telegrams: Geofischer 


Telephone: (053) 56031 / 57031 


Sg 60430/4 
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Francis Runner 


in +GF+ Electric Steel 
Grade COR 13.65 

13% Chromium, stainless 
Weight 14 tons 


Diameter 11 feet 


Nearly fifty years of experience in 
this field and modern foundry equip- 
ment with latest non-destructive 
testing methods guarantee the qua- 


lity of our castings. 








Newport News Mechanical 
Rack Rake and trash car 
being prepared for shipment 
Upon lowering a rake in op- 
eration its teeth swing down- 
ward, parallel to the face of 
the rack, and about 15” away 
On the upward cleaning 
stroke, teeth swing perpen 
dicular to the rack and ex 
tend about 34” into each rack 
bar space. Nature of trash to 
be handled dictates design of 
teeth. Special teeth are avail- 
able for cleaning racks of fila- 
mentous algae, seaweed, etc. 


Positive cleaning action 
calls for guided rack rakes 


Excessive loads of trash cannot push a Newport 
News rake away from the racks. 


And there’s no chance of the rake riding over 
trash on the upward cleaning stroke. Nor will its 
teeth drop the debris. Because Newport News 
builds the rake to operate in channel guides... 
for positive cleaning action. 


That’s why efficient rack cleaning assures the 
maximum head at intakes and is yours when you 
put a rugged and dependable Newport News 
Mechanical Rack Rake on the job. 


Maximum width of a single rake is determined 
by design of the forebay. Where a single bay is 
extremely wide, intermediate guides are sorne- 
times installed to reduce width of the rake. Such 
installation is relatively inexpensive. 


A power-operated Newport News Mechanical 
Rack Rake, under ordinary conditions, enables 





one man per shift to keep racks clean for a 
dozen bays, from 5’-6” to 28’-6” in width. 


Trash is cleaned from the rake manually, or by 
a mechanical “sweep”, into a flume, a car or onto 
a trash apron. Local conditions and nature of the 
trash dictate method of disposal. The many typi- 
cal installation arrangements fit most needs, but 
each installation is a custom built job. 


We invite inquiries from water users who are 
troubled with trash. Write for your copy of 
“RACK RAKE”, an illustrated booklet describ- 
ing the operation and advantages of the Newport 
News Mechanical Rack Rake. 


Shipbuilding and Dry Dock Company 


Newport News, Virginia 
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PROBLEMS WITH 
DRY MIXES 
AND COARSE 
AGGREGATES 


Choosing Machines 
for Lower costs 


Few power tools have such a self-destructive effect 
as the concrete vibrator. The strain on the bearings 
alone is immense. It is therefore generally accepted 
that this type of machine has a working life punctu- 
ated by frequent periods of repair. Reducing this 
high maintenance cost usually means designing a 
tool with reduced vibratory effect, but in the CP 
range of modern vibrators this shortcoming has 
been eliminated. 

The latest two-man model (CP-5180) is built to 
stand up to long periods of heavy work even although 
it has a capacity of 70/100 cubic yards per hour. The 
same features are incorporated in two other versions 
for one-man operation, the CP-219 and CP-325, 
both of which are well-known for high efficiency in 
relation to low maintenance. 





The outstanding feature of these vibrators is their 
remarkable vibratory effect in the driest of mixes and 
the coarsest of aggregates. Specifications and full 
details of CP vibrators are provided in literature 
freely available on request. 


. 


CONSOLIDATED PNEUMATIC TOOL CO. LTD. 232 Dawes Road, London, §&.W.6 
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MAKERS OF HIGH-CLASS ROCK DRILLS, AIR COMPRESSORS & AIR TOOLS 
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To-day it is essential to be 
well informed on Commonwealth affairs 


OW, more than ever before, the vast Commonwealth 
market provides the foundations of Britain’s com- 
mercial stability. Indeed, it is becoming clear that we 
Cau continue as one of the leading trading nations of the 
World only by developing the resources of the Common- gnc 
wealth territories to the full. _ wf to 
Self-interest alone should be sufficient to encourage ial 
the people of Great Britain to follow closely the life and 
progress of the other members of this great family of 
nations. ‘The easiest way of getting news of these events, | 





and, what is just as important, knowing their back- Dollar-earning Opportunities 
ground is regularly to read the fortnightly publication for British Exporters 
New CoMMONWEALTH. le 
New ComMonweEALtH, each fortnight, gives news and 
a non-partisan survey of current developments in the 
Industry, Commerce, Agriculture and Government of 
the many territories which comprise the Commonwealth. 
it gives detailed reports from able correspondents in \ Tropical 
every Dominion, Colony and associated territory. It Grain Stor ates 
covers every aspect of life and Industry and is of absorbing aa 
interest to both layman and specialist. 
It pays careful attention to the presentation -of 
illustrated articles and pictures which mirror life in the 
Commonwealth and its pages express the opinions and 
give the balanced comment of leading authorities on 
Commonwealth affairs. 
It is the journal for the busy man who has time only 
to consult one source of information and yet who wishes to 
keep abreast of affairs. A year’s subscription costs 50s, 


Ks sii 





*% REMEMBER THAT “NEW COMMONWEALTH” IS A MOST 
EFFECTIVE AND ECONOMICAL ADVERTISING MEDIUM! 
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Write for specimen copy: 

TOTHILL PRESS LIMITED 

33 TOTHILL STREET 
LONDON, S.W.1 
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Thoroughly proven in efficiency, reliability and 
economy of operation, Miniature Direct Wire 
remote control systems by Standard are serving 
electricity undertakings at home and overseas, 
greatly simplifying the central control of elec- 
tricity generation and distribution networks. 
Employing telephone-type apparatus to effect 
switchgear control through interposing relays, 
the Standard system of Miniature Direct Wire 
remote control operates at merely a few milli- 
amperes at 50 volts D.C. over light-current 
multicore cables. 

Systems of this type are proving highly efficient 
and have introduced a new economy in the local 
control of electricity distribution substations. 
There is undoubtedly a Standard remote control 
system which will deal effectively with your 


control situation. Ask for further details. fondo) 4 } 


Miniature Direct Wire Remote Control 














Srandard Telephones and Cables Limited 


Registered Office: Connaught House, Aldwych, London, W.C.2. 


DIVISION : OAKLEIGH ROAD, NEW SOUTHGATE, LONDON, N.11 








TELEPHONE 
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It will pay you to 


HIRE 
ANDERSON DERRICK CRANES 


ELECTRIC, HAND AND STEAM 
DERRICK CRANES, ALL IN FIRST 
CLASS CONDITION 
















Lifting Capacities : 2 to 15 tons 
Jib Lengths : 80 to 130 ft. 


from the people who give best service 





7-ton Electric Derrick Crane x 120-ft. Jib. 


THE A.C, PLANT & HIRE Co. Ltd. 


TAYMOUTH WORKS—CARNOUSTIE—SCOTLAND 


Sole Agents for England, Wales & Ireland : Caswell, Cranes & Erection Ltd., Grove Works, Hammersmith, London, W.6. Tel.: RiVerside 5203/4 


Sole Agents for Scotland: The Anderson-Grice Company Limited, Taymouth Engineering Works, Carnoustie. Tel.: Carnoustie 2214/5 
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for overhead 
power transmission 


Strand in hard drawn 
Copper and Cadmium 
Copper, also Steel 
cored Aluminium to 
relevant British 
Standards. 








FREDERICK SMITH & COMPANY 


ANACONDA WORKS - SALFORD 3 - LANCS 












BARE AND INSULATED ELECTRICAL CONDUCTORS OF ALL TYPES 


THE LONDON ELECTRIC WIRE COMPANY FREDERICK SMITH THE LIVERPOOL ELECTRIC VACTITE WIRE 
AND SMITHS LIMITED & CO. CABLE CO. LTD. co. LTD. 
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We specialise 
in manufacturing Power 
Transformers for Generation, 





Transmission and 
Distribution 


All YORKSHIRE Transformers 
entirely constructed in our own works. We 


make Transformers to suit all requirements 
up to 60,000 kVA—1I32,000 Volts. 


YORKSHIRE TRANSFORMERS 


YORKSHIRE ELECTRIC TRANSFORMER CO. LTD., THORNHILL 
DEWSBURY, ENGLAND Tel.: Dewsbury 1691-2 
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RANSMISSION TOWERS 


Specialists in the design, manufacture and supply of 
towers for this country and overseas. 


The complete manufacture, including galvanizing, is 
undertaken in these works. 


Tees Side 


THE TEES SIDE BRIDGE & ENGINEERING WORKS LTD. 
WORKS & HEAD OFFICE: MIDDLESBROUGH TELEPHONE : 2021-4 
LONDON OFFICE: I7 VICTORIA ST., S.W.i. TELEPHONE : ABBEY 1613 
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THE RAILWAY GAZETTE 
A journal of Railway Management, Engineering, Operatior 
and Railway News. It covers every phase of railway activity 


It is truly said of this journal that it is ** Read wherever there 


are Railways.’" Weekly 2s. Annually £4 10s. py post. 


DIESEL RAILWAY TRACTION 
A monthly review of world-wide developments in diese 
engine design, practice and maintenance and diesel railway 
traction operation. Monthly 2s. 6d. Annually 30s. by post. 


SHIPBUILDING AND SHIPPING RECORD 
The only publication with direct appeal to both shipowne: 
and shipbuilder, Its world-wide news organisation and 
technical articles and drawings put it in the forefront of 
shipping periodicals. Weekly 2s. Annually £4 IOs. by post. 


POWER AND WORKS ENGINEERING 
Specifically concerned with the effectiveness and economy of 
factory services, including steam raising, power generation 
and application, and all engineering plant problems. Monthly 
2s. 6d. Annually 35s. by post. 


COLLIERY ENGINEERING 
A practical journal dealing with all aspects of coal production 
every branch of coal mining technology is reviewed in detail 
and special attention is given to mechanisation and labour- 
saving machinery. Monthly 2s. 6d. Annually 35s. by post. 


COKE AND GAS 
A technical journal dealing with the scientific and technical 
problems involved in the production of coke and gas in coke 
ovens and gasworks. Monthly 2s. 6d. Annually 30s. by post. 


THE RAILWAY MAGAZINE 
A popular magazine containing illustrated articles on Railways 
and Locomotives. Monthly 2s. 6d. Annually 32s. by post. 


NEW COMMONWEALTH 
Describes and illustrates significant developments in pro- 
duction, trade, transportation and related spheres in all 
countries of the Commonwealth. Fortnightly 2s. Annually 
50s. by post 


THE INDUSTRIAL CHEMIST 
A technical journal devoted to the progress of applied 
chemistry and chemical engineering. It is of vital importance 
to the chemical manufacturer and all who employ chemical 
processes in their productive operations. Monthly 2s. 6d. 
Annually 35s. by post. 


ARCHITECTURE AND BUILDING 
A journal for practising and salaried architects, building 
contractors, designers and specialists. It deals with the 
planning, design, construction and the administration of 
modern building work. Monthly 2s. 6d. Annually 30s. by post. 


woopd 
*“Wood "’ is the only magazine of its kind. Primarily con- 
cerned with the use of wood, it includes articles on trees and 
timbers, design and construction in all decorative and 
practical wood usage, machines and machine practice, and 
trends in world supply. Monthly 2s. 6d. Annually 30s. by post. 


FOOD 
A journal devoted to the manufacture, packaging and marketing 
of processed foodstuffs. Monthly 2s. 6d. Annually 35s. by post. 


WATER POWER 
A technical journal devoted to the study of all aspects of 
Hydro-Electric Development. Monthly 2s. 6d. Annually 35s. 
by post. 


MINE AND QUARRY ENGINEERING 
Articles of technical nature cover geology, modern methods 
of prospecting, the winning of ore and stone, the dressing of 
ore and minerals, and extraction metallurgy. Monthly 2s. 6d. 
Annually 30s. by post. 


TOTHILL PRESS LIMITED 
33, Tothill Street, Westminster, London, S.W.! 
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Hydro-electrification 


Scheme —Ceylon 


Truck for conveying 
pipes for 
pipeline and 


transformers 


11. B. WILD REL? oiniicuams 


e EAST 2041-7 Telegrams & Cables: HAULING BIRMINGHAM 7 


















Measuring Equipment 
| FOR HYDRO-ELECTRIC PLANTS 


WATER FLOW 


in Tunnels, Pipe Lines and at Turbines. 


WATER LEVEL 
at Dams and in Surge Shafts for all depths and conditions 
PRESSURE RECORDERS, ETc. 
backed by oVer 20 years’ experience in this specialised field, 
can be supplied for local or remote operation. 


; The illustration shows the type of Flow Meters made 
for the North of Scotland Hydro-electric Board. 


The British Pitometer Co. Ltd. 


(ASSOCIATED WITH GLENFIELD & KENNEDY LTD.) 
me 52 MINERVA ROAD, PARK ROYAL, LONDON, N.W.10 
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Hydrodynamic 


Research... 











3 _ ’ . oe. sie i ; 
3 © /OR many years Richard Costain Limited have played a major 


part in British research laboratory construction and were the 
main contractors to the Ministry of Works, for the Admiralty 
Research Laboratory recently opened at Teddington. An import- 
ant item of new research equipment is housed under a domed 
structure 160 ft. in diameter, which compares with the 112 ft. 
diameter dome of St. Paul’s Cathedral. An annular water channel, 
below a 60 ton rotating beam, has a capacity of over one million 
gallons. All the underground reinforced concrete of the walls and 
tank is gap-graded and pattern vibrated, and designed to withstand 
water percolation without a waterproofing agent or asphalt tanking. 



















The illustrations show : 

(1) The domed structure adjoining 
the new laboratories. 

(2) The annular channel under 
construction. 

3) Interior view of dome and beam. 
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BUILDING & CIVIL ENGINEERING CONTRACTORS + 111 WESTMINSTER BRIDGE ROAD, S.E.1 + Waterloo 4977 
MIDDLE EAST ; RHODESIA NIGERIA ” CANADA 
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HYDRO-ELECTRIC PLAN | 


in the Scottish Highlands ... . 


The Pitlochry station of the North of Scotland Hydro-Electric 

Board, shown in the illustration, contains two 8,333 kVA 

Metrovick vertical Generators driven by Kaplan turbines of 

Boving manufacture, operating at a normal speed of 167 r.p.m. ee 

and designed for an overspeed of 480 r.p.m. Other Metrovick Agents in: AUSTRA 
BUENOS AIRES, _ gear in this station is the generator control equipment including CANADA, FINLAND, } 


> voltage regul: } 
the voltage regulators PAKISTAN, MEXICO, 


Branches at 


JO’BURG, RIO DE JANEIRO, 
“he M.V.E. Co. al anufacture Sync sC ensers, , 

SHANGHAI WELLINGTON. The ;, E. C 0. I td ilso manufacture Synchronous Condensers WAY. N. & S. RHO! 
Transformers, Switchgear and automatic control equipment for 

PORTUGAL, SPAIN 


Etc. the largest hydro-electric power schemes all over the world. 





METROPOLITAN -VICKERS 


ELECTRICAL CO LTD TRAFFORD PARK MANCHESTER, !7 





Member of the A.EJ. group of companies 








